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Foreword to the Series 


Each year m the United States of America 
approximately 450 000 people are diagnosed 
as harboring cancer while 40 million others 
now healthy will develop cancer during their 
remaining lifetime “ These present and future 
patients must be treated The treatment will 
vary from procedures that arc aimed at being 
curatisc through the entire spectrum of med 
ical therapy to the terminal care of the pa 
ticnt dying from cancer 
More than five thousand medical |ournal$ 
arc published throughout the world There 
arc more than four thousand articles a year 
dcilinc with cancer in the English language 
liicraturc alone It is obsious that no one per 
son Can digest and assimilate all the mforma 
tion contained m thc'c articles The growth 
of this second edition of Trealmeni of Can 
cer and Allied Pifrase^ from the oncmal 
three solumes to its present nine sohimes has 
otciured in an attempt to create a rcscrsoir 
of cxistinc knowicdcc of thcraps on which 
an\ phssician can easih draw The object is 
to hnne together in one authoritatisc work 
the tremendous mass of detailed information 
concernini; the lechnies of nil phases of can 
cer therapy in current use The care of the 
patient IS emphasired throuchoul and pal 
li-tise pftKcdures arc prc\ci\ted with the same 
emphasis giscn to measures aimed at cure 
The Ireatn enl of cancer is based upon Isso 
mam factors ( 1 ) the histoeenetic classifita 

»lr-TS tminSra 


non of the tumor and (2) the clinical setting 
of the tumor — that is its location and extent 
Ewmg demonstrated that the histogenetic 
classification of tumors allows a breakdown 
of tumor types and permits an understand 
ing of the natural history of each specific 
tumor His monumental work presented the 
first great attempt to divide and conquer 
cancer 

PUN AND SCOPE 

There are nine volumes in the senes di 
vided on a regional basis within which frame 
ssork arc presented the treatment procedures 
best suited for a given histologic type of can 
cer Volume 1 discusses principles of cancer 
therapy and includes such subjects ns the pre 
vcntion of cancer the technics of biopsy the 
pfcopcntnc and postoperative care of the 
cancer patient the indications for technics 
and accomplishments of radiation therapy 
etc Volume n desenbes the treatment of 
(umors of the nervous system Volume III 
the treatment of tumors of the head and neck 
Volume IV the treatment of tumors of the 
breast chevt and esophagus Volume V the 
treatment of tumors of the gastromleslinal 
tract Volume \T the treatment of tumors of 
the female genitalia \olume \1I the treat 
roent of tumors of the male gcmtals and of 
the unnarv svstem Nolumc VIM the treat 
meni of tumors of the soft somatic tissues 
and of the osseous svstem and Nolume I\ 
the treatment of tumors of the skin and of 
tsmp’iomss and altied diseases 
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The present senes correlates contributions 
from recognized authorities on neoplastic dis 
eases from prominent cancer centers and treat 
ment institutions m many parts of the world 
At all times the editors have attempted to 
present the time proved methods of cancer 
therapy There is no easy way to measure the 
efficiency of a given therapeutic modality 
The generally accepted criterion today is the 
so called definitive five year cure rate ob 
tamed for a given form of cancer by the m 
stitution of a given treatment method Ac 
cordmgly only those measures that have 
been utilized over a prolonged period so 
that their accomplishments can be prop 
erly evaluated are presented m detail The 
editors however have not been unmindful of 
the newer and experimental methods and the 
reader will find them appropriately discussed 
Wherever controversy exists as to the best 
method of treatment the editors have at 
tempted to achieve a perspective by including 
the different modalities applicable to a given 
cancer In introducing several of the chapters 
forewords have been included to give the 
reader a broad perspective of cancer therapy 
in the special field discussed 
The aim throughout has been to secure a 
work that is practical Although the text com 
prises a total of nine volumes there will be 
found little deviation at any point from the 
general title of applied therapy Except inso 
far as an immediate and direct bearing on 
treatment could be demonstrated all data 
concerning etiology pathology symptomatol 
ogy differential diagnosis or research have 
been excluded Despite the size of the pub 
lished work it has been necessary to exclude 
as much if not more material from the ong 
inal submitted manuscripts than was utilized 
in the final printing We are grateful to the 
individual authors for their consideration and 
tolerance with regard to these condensations 
Because of the arduous and prolonged edi 
tonal task each of the over five hundred con 
tnbutors was given the opportunity to review 
his manuscript and to include new develop 
ments so that on publication each volume 
reflects the authors current thinking 

In a work of such scope it ts but natural 
that certain conflicts of opinion and a limited 
amount of reiteration should occur This has 


insured that all sides of the major problems 
of treatment are given full consideration this 
advantage to the reader is exemplified, for m 
stance, in the presentation of the difficult sub 
jects of management of metastatic carcinoma 
to the cervical lymph nodes, cancer of the 
cervix cancer of the larynx, as well as other 
topics The reader is urged to view the clearly 
identified contributions of each author as 
well as the editorial comments, as expressions 
of individual conviction based on personal 
experience except where these are accom 
panied by an assessment of factual data 

The cancer patient as a rule first consults 
a family physician or a general medical clinic 
therefore the first physician who suspects or 
proves the presence of cancer plays an rm 
portant role in a therapeutic emergency in 
regard to time of treatment choice of treat 
ment and the mental attitude with which the 
patient approaches the necessary therapeutic 
steps This senes of manuals of treatment ac 
cordmgly is directed at all who play a part 
m the management of cancer and not at the 
cancer specialist alone 

CHANGES IN THERAPY 

This second edition is an entirely rewritten 
and reorganized work The vast strides made 
m cancer therapy in the past two decades and 
the increased knowledge of all phases of the 
cancer problem have demanded a complete 
rewriting with deletion of those procedures 
now either obsolete or considered to be ir 
relevant to the direct problem of tumor treat 
ment 

Advances m our knowledge of anatomy 
and physiology are reflected in the more radi 
cal operative procedures described in these 
volumes e g bilateral neck dissection radical 
pneumonectomy right hepatic lobectomy 
pelvic exenteration and major exarticulations 
Intrathoracic cancer has increased steadily in 
incidence through the years since the first edi 
tion and pan passu has followed a corre 
spending betterment in chest surgery From 
sixty eight pages m the first edition coverage 
has grown to an entire volume largely de 
voted to this aspect of cancer therapeutics 

Attention is directed throughout all vol 
umes to the proper preoperative and postop- 
erative care of patients subjected to surgical 



Foreword to the Senes 


xni 


removal of their cancers Technics of anes 
thesia are discussed Authorities m these 
fields present these important aspects of can 
cer treatment in separate chapters These sub 
jects have therefore been omitted from the 
chapters dealing with surgical technics except 
where certain procedures require special con 
sideration of anesthesia and of preoperative 
and postoperative care 
The great advances in radiologic technic 
and the use of these complex and powerful 
tools aimed at controlling cancer are pre 
sented in terms of therapy 

HORMONAL THERAPY 
The observation that hormonal balance in 
fluences human cancer is most significant dis 
pelhng the theory that the cancer is an abso 
lutely autonomous growth and indicating that 
It IS under certain body controls This con 
cept opens up great vistas for further inves 
tigation into the biologic behavior of cancer 
m addition to providing important measures 
for treating patients bearing certain forms of 
neoplasm The use of hormones for the growth 
control of specific cancers and the ablative 
hormonal surgery such as orchidectomy 
oophorectomy adrenalectomy and hypo 
physcctomy are discussed in these volumes 
because of their important roles m the pallia 
tive management of certain cancers 

CHEMOTHERAPY 

The discovery of a cancer cure by means 
of chemotherapy is the fervent hope of both 
the public and the medical profession The 
ultimate cure of cancer some day by methods 
other than surgical extirpation or radiation 
sterilization is a probability, but to predate 
the time for such a discovery is not only faulty 
logic but dangerous propaganda The regres 
Sion of cancers m mice or the temporary 
amelioration of acute leukemia by chemo 
therapy is evidence of progress but these 
should not be exploited beyond their actual 
significance At this writing no knoH n human 
cancer can be cured by cbenwtherapeiiiic 
measures 

Chemotherapy as developed and practiced 
during the past fiftj years has made iropor 
tant contributions to the management of can 
cer VIZ 


1 Tools for research into the nature of 
cancer with a mustering of all the chemical 
saences including immunology endocnnol 
ogj enzymology and the chemical identifica 
tion of antitumor denvatives of bacteria and 
viruses 

2 The curbing of the progression of cer 
lain cancers and the marked palliation m 
patients harboring them (leukemia and pro 
static and breast carcinoma) 

3 A measurable relief from suffering and 
the prolongation of life in comfort for pa 
tients wtih incurable cancer which have al 
tered the philosophical attitudes concerning 
this disease Cancer even when beyond the 
stage of complete eradication need no longer 
be regarded as the hopeless miserable dis 
ease that it has been but may be considered 
with such conditions as heart disease cir 
rhosis chronic nephritis and others of which 
the patient is never cured but with which he 
may live pleasantly for prolonged periods 

END RESULTS OF TREATMENT 

A reliable presentation of end results has 
been stressed in ail the volumes There may 
he a margin of error in the classification of a 
regional or histologic type of cancer as oper 
able or inoperable because of the vanable 
factors m the pronouncement of a given can 
cer as nonresectable by any surgeon These 
are first the condition of the patient as re 
gards his age the coexistence of degenerative 
diseases and the complications attendant on 
the presence of the cancer second the extent 
of the disease meaning the degree of local or 
organic involvement the specific organ or 
tissue implicated the extension to and the 
incorporation of neighboring viscera by the 
cancer and metastases to regional and distant 
sites and third the surgical philosophy moral 
point of view courage and expenence of the 
surgeon 

The concept of cancer as an incurable dis 
ease IS widely accepted m spite of the cdu 
cational efforts of the American Cancer So 
cieiy and other organizations The hopeless 
ness of a given case may be recognized by the 
physician at the initial examination but the 
published figures of thousands of cancer cures 
should encourage a more hopeful attitude 
toward cancer as a whole 
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DEFINITION OF PALLIATIVE TREATMENT 
Palliative treatment is eagerly accepted for 
all incurable diseases except cancer its em 
ployment for cancer generally is regarded 
with skepticism and without enthusiasm by 
the patient and his family A diagnosis of ar 
tenosclerosis chronic nephritis diabetes mel 
litus myocarditis coronary vascular disease 
osteitis deformans and many other degenera 
live conditions is accepted with equanimity, 
fortitude and optimism by the majority of 
patients yet the end results of treatment show 
that they are all incurable diseases These pa 
tients usually ask of their physicians only that 
treatment that lies within the realm of pos 
sibility hoping that it will successfully arrest 
the process for the time being avoid the com 
plications and disabilities attendant on the 
disease and prolong life m comfort If the 
diagnosis be cancer however nothing short 
of a guarantee of cure seems to suffice and 
an expression by the physician of a reason 
able doubt concerning ultimate cure fre 
quently leads to a profound and unreasonable 
reaction and a refusal of all treatment— either 
surgical or radiologic 

The medical profession has not been fault 
less in fostering this attitude Accent has been 
on cure rather than oi\ palliation Published 
figures on the end results of treatment usually 
present the percentages of so called five year 
cures or survivals without recurrence for five 


years The great group of cases m which life 
has been prolonged for less than five years 
does not receive the attention it deserves 
The prolongation of life itself is of course 
not the only measure of palliation No one 
wishes to live longer m order to suiter more 
The objectives of palliative efforts are the re 
lief of pain and discomfort the healing of ul 
cerated lesions the lessening of hemorrhage 
and infection the repair of certain pathologic 
fractures the healing of metastases in bone 
the eradication of cough and dyspnea the 
restitution of sleep and the delay in spread of 
the cancer among many others Appropriate 
irradiation for example might give relief of 
some symptoms without prolonging the life 
of the patient None would deny that such 
efforts are worthwhile 
The editors paradoxically hope that these 
volumes may soon become obsolete with the 
discovery of more efficient means of curing 
cancer such as a chemotherapeutic remedy 
or better yet by the creation of an immunity 
against the disease In the meantime these 
manuals of present day therapy are offered 
with the wish that the best treatment plan now 
available can be instituted for any patient 
bearing any form of cancer 

George T Pack mu 
Irving M Ariel mo 

New York 
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In this first volume of the series Treatment 
of Cancer and AlUed Diseases the editors 
have tried to approach the subject m a logical 
manner with preliminary emphasis on cancer 
prevention immediatelv followed bv sugges 
tions for the organization of adequate faciU 
ties for the detection of cancer Because the 
pathologic features of a given cancer have a 
direct influence on us behavior and response 
to treatment chapters are devoted to specific 
diagnosis and classification in terms of mi 
croscopic grading biopsy examination of 
exfoliated cells and tissue cultures Tumors 
are classified into Grades 1 to IV Grade \ 
being the more differentiated and Grade IV 
the more anaplastic based on the work of 
Broders (1920) However the extent of the 
cancer at the time of Us diagnosis is also im 
portant from a prognostic standpoint and the 
reader will find a discussion of criteria utilized 
to grade the malignant quality of cancers the 
extent of infiltration into the surrounding 
parenchyma the presence or absence of cn 
capsulation the quantity and character of 
host reaction and the evidence and distnbu 
lion of metastases With certain cUmcal m 
dexes such as age menstrual status and 
pregnancy these grading features offer im 
portant signposts for the prediction of prog 
nosis following treatment The formal biopsy 
has become an obligatory pretherapeuiic pro 
cedure and methods for aspiration or punch 
biopsy are presented Technics for the collec 
tion and examination of exfoliated cells for 
the cytodiagnosis of cancer arc presented 


The ancients destroyed cancer either by 
cutting It out or by burning it out The only 
methods of curing human cancer today are 
by surgical extirpation of the growth or Us 
destruction by ionizing radiations the baste 
principles are essentially the same as those of 
the ancients but the methodology ts more re 
fined In the section on surgery an attempt is 
made to afford guidance for the safe conduct 
of a patient through the ordeal of a surgical 
procedure Principles of preoperative and 
postoperative care are adumbrated as are 
the control of concomitant metabolic or de 
generative diseases Particular attention is 
paid to estimation of the operative risk The 
chapter on vascular surgery points out the 
major achievement of replacement by grafts 
of excised segments of critically important 
blood vessels 

As a cure for cancer radiation therapy is 
second only to surgery Irradiation is superior 
for the curative treatment of certain cancers 
and is of far greater importance m offering 
palliation to patients suffering from wide 
spread dissemination of cancer In this book 
the reader will find a logical discussion of all 
phases of irradiation from the physical basis 
of radiation therapy and the radiosensitivUy 
of tumors through the technics of clinical ap 
plication of low voltage short distance me 
dium voltage supervoltage moving field and 
betatron x ray therapy Sections are devoted 
to the clinical uses of radium and of radioac 
tive isotopes The methods of applying ra 
dium the radium element pack, and the 
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multiple source rddtum beam are discussed 
in separate chapters The production of radio 
active isotopes such as radioactive iodine and 
radioactive phosphorus is discussed as are the 
clinical applications of systemic radioactive 
isotopes small sources of radioactive gold 
indium and cobalt and the use of the radio 
active cobalt beam (cobalt teletherapy) 

The general care of the patient with an in 
operable cancer is discussed in detail including 
the use of hormonal therapy and chcmother 


apy for modifying the growth of certain can 
cers in addition to ameliorating symptoms 
The proper methods of reporting end results 
of cancer therapy are also discussed here 
In this volume the editors have tried to ad 
here to the principles of cancer treatment de 
scribing those methods used for cure as well 
as those aimed at palliation and leaving it to 
subsequent volumes m the senes to discuss the 
therapy of specific types of cancer within a 
framework of regional division 

G T P 
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CHAPTER 1 


The Prevention of Cancer 


W C Hueper 


The preventive approach for controHing 
cancer should assume a much more important 
role than vt docs at present because of the 
relative inadcquacj of existing methods of 
treatment 

I MAGNITUDE AND SOCIAL 
IMPORTANCE OF CANCER 

a There were approximatly 600 000 diag 
nosed cases of cancer m the United States 
during 1949 

b About one third of these cancer patients 
or about 200 000 died during the >ear 

c Approximate!) 45 per cent of all cancer 
deaths are of persons between the ages of 
twent) five and sixty five >cars which is the 
most productive period of life 


d A considerable increase in the frequency 
of certain cancers (cancer of lung leukemia) 
has occurred 

e With the rapidly increasing shift in the 
age distribution toward older age groups (m 
J900 about 4 per cent of the popuhtion were 
sixty five years and older in 1935 this frac 
tion stood at 6 per cent and it is estimated 
that It Will be ll per cent m 1980) a pro 
gressively larger number of people wiU reach 
an age m which cancer is most frequent 
(more than 50 per cent of all cancer deaths 
involve persons sixt) five years and older) It 
has been estimited that the number of annual 
cancer deaths will reach about 300 000 by 
1980 
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TABLE 1 1 —Occupational Carcinogens Their Route of Exposure 
AND Their Target Organs 


General type 

Specific type 

Route of 
exposure 

Target organ 

Chemical Carcinogens 




Organic chemicals 

Benzol 

Cutaneous 

Blood forming organs 

aromatic polycyclic 
heterocyclic 


Respiratory 

(leukemia lympho 
sarcoma) 


Beta naphthylamine 

Respiratory 

Urogenous organs 


Benzidine 

Cutaneous 

(bladder ureter 


4 Ammodiphenyl 

Auramine 

Alimentary 

kidney) 

Lung? intestine'^ 


Coal tar pitch asphalt 

Cutaneous 

Skin 


tar oil creosote oil 
anthracene oil lamp 
black lignite tar 
and paraflln oil 

Respiratory 

Lung 


Synthetic hydrogenated 
coal oil and tar 
(Bergius) 

Cutaneous 

Skin 


Shale oil and paraffin 

Cutaneous 

Skin 


oil 

Respiratory 

Larynx 


Petroleum fuel oil 
dtesetoil lubricating 

Cutaneous 

Skin 


Oil and grease cutting 
oil carton black 
asphalt tar coke 
crude paraffin oil 

Respiratory 

Lung 

Aliphatic 

Isopropyl oil 

Respiratory 

Nasal sinus larynx lun^ 


Mustard gas 

Respiratory 

Lung larynx? 

Chemical carcinogens 




Inorganic chemicals 

Arsenic 

Ingestive 

Respiratory 

Lung 


Nickel 

Respiratory 

Nasal cavity nasal 
sinus lung 


Chromium 

Respiratory 

Lung 


Asbestos 

Respiratory 

Lung 

Physical carcinogens 

Ultraviolet radiation 
lonizmE radiation 

X radiation 

Cutaneous 

Cutaneous 

Transcu 

taneous 

Skin 

Skin 

Connective tissue 

Bone 

Blood forming organs 


Radioactive radiation 

Cutaneous 

Skin 


(alpha beta and 

Transcu 



gamma radiation) 

taneous 

Respiratory 

Ingestive 

Parenteral 

Blood forming organs 
Nasal sinus 

Lung 

Bone 

Liver 

Parasite carcinogens 

Schistosoma 

haematobium 

Cutaneous 

Bladder 
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TABLE 12 — POTENTIAL Environmental Human Carcinogens 



Site of 

Type of 



Agent 

tumor 

exposure 

Species 

Types of httmnn coniocl 

Tstrogens natural 

Breast 

Parenteral 

Mouse 

Manufacture 

synthetic 

Lymph nodes 

Cutaneous 

Rat 

Dietary additive 

Uterus 

Oral 

Rabbit 

Cosmetic ingredient 


Hypophysis 


Guinea 




P'g 


Carbon tetra 

Lwet 

Oral 

Mouse 

Industrial solvent 

chloride 




Degreasing agent 

Dry cleaning agent 

Fire extinguishing agent 
Manufacture 

Production of freon 





Gram fumigant 

Extractive of oils 

Chloroform 

Liver 

Oral 

Mouse 

Manufacture 



Parenteral 


Anesthetic 

Solvent and extractive of 
oils resins rubber waxes 
lodme alfcaloids 

Ingredient of lacquer 
floor polish cleaning 
fluid 

Production of artiflcial 





silk plastics 

DDT 

Liver 

Oral 

Rat 

Manufacture 

Insecticide 
rood contaminant 

Tannic acid 

Ltver 

Parenteral 

Rat 

Ingredient of foodstuffs 





(fruits Wine coffee 
and tea) 





Medicinal agent 

Tanning agent 

Thiourea and 
derivatives 

Liver 

Oral 

Rat 

Citrus fruit 




Medicinal agent 


Dutcin 

Thyroid 

Liver 

Oral 

Rat 

Manufacture 

Sweetening agent 

Dicthjlcnc glycol 

Methylated naph 

Bladder 

Oral 

Rat 

Antifreeze 

Intermediate m explosive 
manufacture 

Softener of lacquer inks 
wood Stains glue 
textiles 

Humcctant tobacco 

thalenes 

Berpus coal oiN 
tars 

Slin 

SLin 

Subcutaneous 

Cutaneous 

Cutaneous 

Parenteral 

Mouse 

Mouse 

Vehicle of insecticides 
Manufacture 


tissue 



1 ubriemts 


Plastic production 
Petrochemical 



TABLE 1 2 (Conliniied) 


Organtxatlon 


Agent 

Site of 
tumor 

Type of 
exposure 

Species 

Types of human contact 

Fischer Tropsch 
coal Otis tars 

waxes greases 

Liver 

Cutaneous 

Parenteral 

Mouse 

Manufacture 

Fuel 

Lubricants 

Petrochemical 

Light green S F 
Brilliant blue 

FCF 

Subcutaneous 

tissue 

Parenteral 

Rat 

Textile dyes 

Food and cosmetic 
dyes 

Fast green FCF 

Butter jellow 

Liver 

Oral 

Mouse 

Rat 

Food dye (Orient) 

Casolme and flare dye 

Cellophane 

Pol>ethjlene 

Polvamide 

Bakelite 

Subcutaneous 

Parenteral 

Rat 

Mouse 

Film fiber plastic industnal 
manufacture and uses 
Wrapping material 
Medicinal agent 

Beryllium 

Bone 

Parenteral 

Respiratory 

Rabbit 

Rat 

Metal alloy x ray tube 
phosphor manufacture 
Refractory vessels 

Atomic energy production 

Selenium 

Liver 

Thyroid 

Oral 

Rat 

Soil contaminant 

Coloring matter of glass 
ceramics paint rubber 
Metal alloys 

Rubber accelerator 
Photoelectric apparatus 
Decolorizer 

Fireproofing agent 

Medicinal agent 


II ETIOLOGY OF CANCER 
The causation of the great majority of 
human cancers is unknown 

Predisposing Causes 

a Hereditary factors provide a predlsposi 
tion to Cancer development in a few types of 
cancers (cancer of skin m xeroderma pig 
mentosum cancer of intestine in familial in 
testmal polyposis familial retinoblastoma 
neurosarcoma in familial neurofibromatosis) 
b Racial factors (fair comp’exion) seem to 
be associated with an increased susceptibility 
to cancer of the skin upon prolonged contact 
with solar rajs and cancerigemc products ob 
tamed by the distillation of coal and petro 
leum 

Precipitating Causes 
a Acute physical or chemical trauma may 
precipitate the development of cancer m a 
tissue that has previously been prepared by the 
action of specific cancerigemc agents 


b Chronic irritation which per se and while 
nonspecific does not cause cancer may accel 
crate the development of cancer in tissue ex 
posed to specific cancerigemc agents 

Specific Causes 

There exists a relatively small but neverthe 
less impressive number of specific environmeo 
la! agents mainly of an occupational nature 
that have been shown to cause cancer of 
vanous organs in man Table 1 1 summarizes 
some of the salient facts concerning those 
agents (Figure 1 1) 

A growing number of chemicals of indus 
tnal and/or general environmental importance 
thid have elicited malignant tumors m various 
species of animals and that therefore may b® 
suspected of having similar effects oa man has 
been demonstrated These potential environ 
mental cancengens are listed m Table 12 
Table 1 3 lists a number of contacts an 
conditions of a rather vague nature that dis 



The PrerenfJon of Cancer 


7 


TABLE 1 3 — III Defined Environmental Cancerigenic Agents 


Cancerigenic agent 


1 Parasites 

Schistosoma haematobium 
Schistosoma mansoni 
Schistosoma japomcum 

2 Dietary imbalances 

Iodine deficiency 

Vitamin B complex deficiency 

Vitamin B complex and protein deficiency 

3 Vegetable mineral 

Mixtures 

Betel nut Tobacco 
LimeBujo leaf 
Quid (Tobacco extractives) 

Tobacco Lime 

(Khaini) Quid (Tobacco extractives) 

4 Indeterminate agents 

Chronic alcoholism (Contaminants or 
solutes of alcohol) 
kangri Kairo Kang Thermic burns 

(Thermic carbonization of tissue v.ith tar 
formation** Soot**) 

Chutta (Smoking cigars 
in inverted position) 

(Tar? Burns?) 

Tobacco smoking (Tar arsenic'*) 


Dhoti loin cloth 
(Soot? Disintegrated sebum**) 
Phimosis 

Noncircumciscd penis 
(Disintegrated smegma**) 


Type of exposure Site of cancer 


Ingestion Bladder 

Skin penetration Liver** 

Intestine** 


Th) roid 

Oropharjnx 

Liver 


Mouth 

Lip 

Cheek 

Lovser lip 


Esophagus 

Skin 

Mouth 


Mouth Lip 
Larynx 
Lung 
Skin 


Penis 


phy causal relations to certain human can 
cers 

Since the liver is apparently involved in the 
detoxication of endogenous and exogenous 
canccngcns defective liver function may favor 
the action of the development of cancers in 
organs other than the liver The occurrence of 
gynecomastia m the presence of liver cirrhosis 
which has been attributed to an impaired 
metabolic degradation of estrogens may be 
cited as an illustration of such potential inter 
relations 

111 ETIOIOGY-SPECIFIC CANCER 
DIAGNOSIS 

Table 1*4 lists a senes of exposure stigmata 
which mav cither he prccinccrcnis or pen 
cancerous 


IV PREVENTIVE MEASURES 
levels of Prevention 
Preventive measures may be applied at three 
dilTcrcnt levels of cancer development 
a Primary prevention aims at elimination 
of the production of cancerigcnic agents in 
the internal or external human environment 
or at the reduction or prevention of exposure 
of man to environmental exogenous or endog 
cnous cinccrigcnic agents This procedure is 
only sporadically practiced at present 

b Secondary prevention or prophylaxis 
has as its goal the discovers eradication or 
ncutrali/atton of all predisposing or precan 
cerous factors occurring in persons who arc 
or prcviousK have been exposed to canccri 
gsnic aecnts 
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TABLE 1 4 — ^Precancehous and Pericancerous reactioss to 
Environmental Carcinogens 


O^anizahon 


Reactions 

Eitologlc agents 

SKIN 

Alopecia 

Spotty loss of hair 

Arsenic ionizing radiations (radioactive sub 
stances x radiation) 

Atrophy 

Skin grossly thinned and glistening in 
patches associated with keratotic areas 

Pitch tar asphalt petroleum radioactive sub 
stances x radiation ultraviolet radiation solar 
rays 

Eczema 

Dry seborrheic patches on skm 

Arsenic asphalt pitch soot tar 

Keratosis 

Flat discrete scaly area on skin with raised 
pearly borders Usually on parts of skm 
exposed to carcinogen but may occur m 
unexposed parts particularly about sweat 
glands with arsenic 

Hyperkeratosis 

Rough fissured keratotic plaques with small 
hard wartlike horns usually on hands and 
soles May become nodular and ulcerate 

Verrucae 

Hornlike hyperkeratosis 

Anthracene arsenic asphalt creosote crude 
mineral oil paraffin pitch soot tar radio 
active substances ultraviolet radiation x radia 
tion 

Ulceration 

Breakdown of keratotic lesions 

Chrome holes 

Arsenicals 

Chromates chromic acid 

Leukoderma 

Patches of subnormal melanin pigmentation 
Leukomelanoderma 

Patches showing increased pigmentation and 
patches showing subnormal pigmentation 
of skin Most common m areas of highest 
pigmentation and may involve oral 
mucosa 

Melanoderma 

Patches of increased pigmentation 

Anthracene arsenic asphalt creosote crude 
mineral oil paraffin pitch tar noniofUflt'S 
and ionizing radiations (radioactive substances 

X radiation ultraviolet radiation solar radia 
tion) 

Scleroderma 

Dry scaly parchment like skin with en 
larged pores associated with leuko 
melanoderma 

Crude mineral oil paraffin oil ionizing radiations 
(radioactive substances x rays ultraviolet rays 
solar rays) 

NASAL passages 

Papillomas and polyps 

Growths m antrum ethmoid cells and tur 
binates Nasal septum perforations 

Isopropyl oil nickel chromates arsenicals 


BLADDER 


Hemorrhage submucosal 
Varjing size wiih telangiectasis Located 
mainly in tngone and about ureteral ^ 

onfices Benzidine beta naphthylamine and derivatives 

PapiUom« — Schistosoma haematobium 

Pol^us or viltous pedunculated or sessile 
Often multiple about trigone and ureteral 
onfices 
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Etiologic agents 


EYES 

Papillomas 

Pedunculated Develop mainly on lids oc 
casionally on eyeball 

BONE 

Chrome periostitis 

Thickening of periosteal tissue necrosis of 
bone 

BONE MARROW HYPOPLAStA 

Blood dvscrasias 

Hyperplasia and metaplasia aplastic anemia 
thTombocytopenva leukopenia monocy 
tosis erythrocytosis leukocytosis leu 
kemoid reactions 

LUNGS 

Pneumoconioses and pneumonia 

Asbestosis lipoid pneumonia chronic 
chemical pneumonia 


BREAST 

Painful swollen breasts 
Glandular hyperplasia 


LIVER 

Cirrhosis 

Adenomatoid hyperplasia 


OROPltARYNX 

Plummer Vinson syndrome 
Leukoplakia 

TltYROin 

Fndemic adenomatoid goiter 


Arsenic asphalt creosote crude mineral oil 
pitch tar ionizing radiations ultraviolet rays 


Ionizing radiations (x rays radioactive sub- 
stances) beryllium? 


Benzol and derivatives ionizing radiations (radio 
active substances x rays) 


Asbestos arsenic tar soot mineral oil mist 
chrome salts nicVel 


Estrogenic chemicals 


Aromatic azo compounds? 

Vitamin B complex and protein deficiency 


Vitamin B complex deficiency 


Geologic and dietary iodine deficicncv 


c Those measures found at the third level 
deal with an already established cancer and 
therefore arc restricted to modifying the nat 
Ural course of a manifest disease through ap 
proprntc diagnostic and therapeutic procc 
durcs In addition to attempting the improve 
ment of the prognosis of cancer the measures 
used at the third level arc aimed at the pre 
vcniion of serious complications residual dis 
ability and permanent incapacitation They 
arc thus more a part of a rational and cfTcctisc 
cancer therapy and less wuhm the province 
of cancer prevention proper 

Possible Extent of Prevention 
HtREOlTAPY FAaORS 

Tbe future occurrence of the relatively few 
CMveerv ol Tceotnvied hetednarv orgin can el 


fcctivciy be reduced if individuals with such 
tendencies arc properly appraised of the situa 
tion and are urged not to have progeny 

RACIAL FACTORS 

rair-complcxioned persons should not be 
penmued to work m operations where they 
are exposed to canccrigcnic tars pitches as 
phaUs and other petroleum distillates and oils 
or to intense solar radiation unless adequate 
protective measures arc taken 

ENVIRONMENTAL AND OCCUPATIONAL 
FAaORS 

a Occupational cancer hazards can com 
ptctcly or almost complciclv be removed by 
the institution of suitable preventive and pro- 
phylactic measures for all workers cncaccd 
m the primary produci’on or handJme of the 
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processed and transformed into ssell defined 
chemical compounds forming together with 
petroleum derivatives the main source mate 
rial for the modern organic chemical and phar 
maceutic industry Since the entire list of prod 
ucts entering into the manufacture of tar 
pitch asphalt creosote oil anthracene oil 
mineral waxes and related materials is very 
long onl) a selection of the most common 
uses can be given These are enamels paints 
inks varnishes roof coating material cement 
mortar putt) shingles tiles roofing paper 
''aterproofed paper, felt textiles nets cords 
and panels acoustic blocks compositions and 
felts calking material wood preservatives 
road construction material electric appliance 
and wire insulation matcnal casting molds 
batter) boxes cork composition ditch dike 
and jeti) protectives leather composition 
linoleum foundry cores friction tape pipe 
coating tree surgery paste lubricants cable 
splicing compounds cla) pigeons fuel wall 
boards and many other products 
The application of radioactive luminous 
paint to numerous devices of warfare was 
practiced by many hundreds of persons dur 
ing the late war and is still an operation m 
t^hich a considerable number of workers are 
engaged Radioactive hazards have been intro 
duced lately into the pharmaceutic and other 
industries through the use of radioactive iso 
topes employed in the production and appli 
cation of tracer substances Radioactive 
substances are moreover handled m the 
production of radio tubes electrostatic elimi 
nators gas mantles radium type vacuum 
gauges and nickel polonium alloy spark plugs 
this connection it is interesting to note that 
n considerable amount of the tremendous 
^luantuies of radium used in luminous paint is 
Unaccounted for since markers dials and 
rope Carrying the radioactive material have 
Occasionally found their wav into the hands of 
persons not qualified to dispose of them prop 
y While thus on the one hand a certain 
egree of environmental radioactive hazards 
^a> have come to parts of the population 
® generally expected to sustain such ex 
N^ures there remains the probabiliiv that 
e Cancer hazard from contact with radio 
of gases starts with the mining 

ore if the experiences made with lung 


cancers in miners of such ores m Czechoslo 
vakia and German) should prove to be of 
general application Similar actual and poten 
tial cancer hazards are connected with the 
production and the use of atomic energ) 

b An effective control of environmental 
cancer hazards related to habits is at present 
most difficult because of educational socio 
logic economic and political implications 
and complications 

For instance it would be a very uncertain 
venture to try to dissuade the inhabitants of 
India Thailand the Philippine Islands and 
other Asiatic countries to discontinue the 
widespread habit of chewing betel nut quids 
or Khaim quids which is causally related to 
cancer of the oral cavity and lip If it should 
definitely be shown that smoking is one of the 
mam causes of cancer of the respiratory or 
gans It would not be easy to induce the people 
of the Western World to give up the smoking 
of tobacco 

The prevention of primary cancer of the 
liver among the defectively fed peoples of 
Afnca and Asia depends mainl) upon ad 
justments m the economic field Likewise an 
effective suppression of Schistosoma haema 
tobium infections among the Eg)ptian fellahs 
to reduce the incidence of bladder cancer 
among this population group depends pre 
dominantlv on nonmedical measures 

c Likewise the occurrence of medicinal 
cancers resulting from the medical use of 
ionizing radiation arsenicals tars benzol 
and aromatic chemicals cannot entirely be 
suppressed because of the special indications 
for which these agents are used and of in 
sufficient knowledge as to the cancerigenic 
level at which they may elicit cancers m dif 
ferent individuals 

Measures Useful m Prevention 

Even the limited amounts of information 
existing on the causes of human cancer arc 
not properl) appreciated and utilized The 
av'erage medical history of cancer patients is 
usually completely devoid of an) data as to 
the possible cause of the cancer present The 
following measures are recommended for insti 
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tilling an effective cancer prevention program 

(1) An educational campaign about the na 
ture of known and suspected canecngenic 
agents and suggested precautionary measures 
among members of the medical profession 
public health agencies mdustrnl hygiene or 
ganizations industrial m in igement and labor 
organizations such a campaign is most cf 
fectively conducted through articles published 
in professional magazines trade journals or 
ganizational publications (house journals 
publications of manufacturers assocations ind 
unions) 

(2) The past of every cancer patient should 
be studied tor evidence of previous exposure 
to cancetigenic agents by obtaining a com 
pkte occupational history as well as adequate 
data on hobbies habits dietary deficiences 
endocrine imbalances parasitic infections pro- 
longed use of certain medicinal chemicals 
(benzol arsenic tar aromatic medicinals 
estrogens androgens) administration of x 
rays or radium residence in regions with 
natural or industrial pollution of air water 
or sod with cancengemc agents Such in 
quines are especially pertinent for all cancer 
cases occurring among workers m industries 
With known or suspected cancer hazards 

The following occupational and nonoccu 
pational groups deserve m this respect special 
attention and are suggested for specially care 
ful analysis 

a Exposure to benzol and its derivatives 
naphthol aromatic amines toluol xylol (with 
possible relation to leukemia lymphosarcoma 
and myeloma) 

Airplane dope workers 

Airplane hangar employees 

Alcohol (denatured) workers 

Aniline workers 

Art glass workers 

Asbestos products impregnators 

Battery (dry) makers 

Beauty parlor operators 

Belt scourers 

Benzol purifiers 

Benzol workers 

Brake lining makers 

Bronzers 

Burnishers 

Can (rubber gasket) manufacturers 


Can (rubber gasket) scalers 
Carbolic acid makers 
Chemists 

Chlorodiphcnyl makers 

Clutch disk impregnators 

Coal tar still cleaners 

Coal tar workers 

Cobb ers 

Color makers 

Coke oven tar workers 

Compositors 

Degreasers 

Disinfectant makers 

Dry cleaners 

Dye makers 

Dyers 

Elcctroplalcrs 

Electroplate cast scrubbers 

Enamelers 

Enamel makers 

Engravers 

Explosive makers 

Feather workers 

Fertilizer makers 

Flavoring extract makers 

Galvanizcrs 

Gashouse workers 

Gasoline blenders 

Gilders 

Glucmakers 

Inkmakers 

Lacquerers 

Lacquer makers 

Leather makers (artificial and patent) 

Linoleum workers 

Lithographers 

Metal washers 

Millinery workers 

Mirror silverers 

Mordanters 

Nitrofaenzol makers 

Nitrocellulose workers 

Oil extractors 

Pamt remover manufacturers 

Painters 

Paraffin makers 

Pencil makers 

Perfume makers 

Petroleum distillery and refinery workers 
Pharmaceutical workers 
Hienol makers 
Photoengiavers 
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Photographic chemical makers 
Picnc acid makers 
Plastic textile makers 
Polish makers 
Polishers 


Shade cloth workers 
Shellackers 
Shellacmakers 
Shoe finishers 
Shoe factory workers 



Fig 1 3 Core noiit of the bladder in a deg follow ng belanophfhylomine feeding 


Pottery decorators 
Printers 
Putty makers 
Pyroxylin plastic workers 
Rotogravure workers 
Rubber buffers 
Rubber cementers 
Rubber cement mixers 
Rubber compounders 
Rubber dippers 
Rubber driers 

Rubberized asbestos board makers 
Rubber mixers 
Rubber pressroom workers 
Rubber reclaimers 
1'“ Rubber tire builders 
Rubber treaders 
Rubber workers 


Shoe heel (wood) coverers 

Smokeless powder makers 

Soapmakers 

Tar distiller) workers 

Tar pitch oil etc tank cleaners 

Textile fullers 

Tobacco seedling treaters 

Trinitrotoluol makers 

Type cleaners 

Vamishers 

Vamishmakers 

Varnish remover manufacturers 

War gas makers 

Waterproof fabric makers 

Waxmakers 

Welders 

Wire insulators 

Window shade makers 
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Ore flotation plant workers 
Paint sprayers 
Paraflin distiUerv workers 
Paraffin plant workers 
Pavers 

Pharmaceutical workers 

Pilch workers 

Plastic cement workers 

Printers 

Road repairers 

Roofers 

Roofing paper workers 
Ropcm ikcrs 
Rubber workers 
Sanitary pipe makers 
Shipyard workers 
Soapmakers 
Shile oil workers 
Stokers 

Tank cleaners 

T ir painters 

Tar paint manufacturers 

far workers 

Ttstilc workers 

Waterproofers 

Witcrproof paper makers 

Wood picklcrs 

Wood preservers 

Railroad workers 

d Exposure to chromium and chromium 
compounds (chromium metal dust chromates 
chromium picmcnls chromic acid chromium 
c irbonvl) (with possible relation to cancer of 
the liinu and nasal sinuses) 

(1) Oicupanotml exposure 
Abrasive makers 
Abrasive workers and polishers 
Asphalt refinerv workers 
Hiitcrv (dry) makers 
Hie ichcrv 
blueprint makers 
Candle (colored) makers 
C o il tar workers 

C hromitc chromium picmcntv chromic acid 
leather tanning compound manufacturers 
C hronvium ote miners and miners of other 
mcial ores with chromium admixtures (co 
halt) 

( ravon and pencil (colored) makers 
l)iKk workers unloadmi, chromite ore 


Dyestuff makers 
Elcctroplaters 

Elcctrolyttcal chromium metal manufacturers 

Enamolers 

Enamel makers 

Explosive manufacturers 

Furniture polishers 

Glass and pottery frosters 

Inkmakers 

Linoleum workers 

Lithographers 

Match factory workers 

Mordanters 

Paint manufacturers 

Painters 

Paper dyers 

Papermakers 

Paper money makers 

Paper waterproofers 

Photoengravers 

Photographic workers 

Photogravure workers 

Pottery glaze makers 

Pottery makers 

Printers 

Rcfriciory brick makers and masons 

Rubber vulcamzcrs 

Soapmakers 

Stainless steel workers 

Tannery workers 

Textile dyers 

Textile printers 

Textile waterproofers 

Wax ornament workers 

Welders 

Wood Stainers 

(2) Notioccupalional exposure 
Persons living or working m fume and dust 
zone of chromate plants 

c Exposure to nickel and nickel compounds 
(nickel metal dust nickel carbonyl vapors 
nickel oxide nickel sulfide nickel alloys) 
(with possible relation to cancer of the lung 
and nasal sinuses) 

Abrasive manufacturers 
Ceramic glaze rs 

Chcmicil workers m opi.raiions using nickel 
CJtaIvvtv 
Coinmakcrv 
1 Icciroplalers 
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Enamelers 
Enamel m^Kers 
German Mlver manufucturtrs 
German ^l!Yer smiths 
Hydroi,en maniif iclurers 
Monel metal maVt.rs 

Nickel il’uv nnkers (copper, silver alumi 
num ) 

NtcHl chrome tllov imnufacturers 
Ni kel clirome svire m mufacturers 
Nitkol ixtrictors 
Nitkel ofi. miners 

Is ckel oic smelter and refinery workers 

Ni kel polishers 

Nickel alc-cl workers 

Oil refinery workers 

Stonge bitter) manuheturers 

Talc manufacturers 

f Exposure to arsenic and arsenicals (arse 
me metal arsemous oxide calcium arsenate 
sodium arsenate lead arsenate cupric aceto 
arsemte Pans green London purple Shcele s 
green Schwemfurt green Wolman salts 
realgar orpiment Fowler s solution Dono 
van s pills arsphtnamine cacodylates Lewis 
ite Asiatic pills etc ) (with possible relation 
to cancer of skin lung bladder liver) 

(1) Occupational exposure 
Arsenic roasters 
Artificial flower makers 
Book binders 
Bronze workers 

Cannery workers peeling fruit treated with 
insecticides 

Citrus fruit orchard workers 
Cotton plantation workers 
Cut glass workers 
Dyers 

Dyestuff makers 
Electroplaters 
Enamelers 
Farmers 

Felt hat carroters 

Ferro silicon workers 

Fur handlers and preparers 

Galvanizers 

Gardeners 

Glass mixers 

Glass workers 

Glue manufacturers 


Gold refiners 
Ink manufacturers 
Insecticide manufacturers 
Insecticide sprayers and dusters 
lapan makers 
Jewelers 

Lead factory workers 
Lead shot makers 
Linoleum color workers 
Lithographers 

Miners of arsenic, copper zinc stiver lead 
ores 

Oilcloth manufacturers 
Oil refinery workers 
Paper (colored) makers 
Paper glazcrs 
Paperhangers 
Paper printers 

Pelt and hair factory workers 
Pencil makers (colored) 

Pharmaceutical workers 
Photographers 
Poison bait makers 
Pottery decorators 

Pottery phnt glaze dippers and mixers 

Pyrites burners 

Rotogravure workers 

Rubber compounders 

Rubber mordant mixers 

Rubber pressors 

Rubber tire workers 

Sealing wax makers , 

Seamstresses handling fabric dyed or treae 
with arsenicals 

Sheep dip manufacturers j 

Smelters of arsenic copper zinc silver 
ores 

Sulfur burners 
Sulfuric acid workers 
Tannery workers (earners) 

Taxidermists 
Textile printers 
Tinners 
Velvet makers 
Vinery workers 
Vineyard workers 
War gas manufacturers 
Wax ornament workers 
Weavers using yarn dyed with use of af*® 
icals 

Weed killer manufacturers 
Wire drawers 
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Wood preserve makers 
Wood preservers 
Zme mixers 
Zinc smelter chargers 

(2) Nonoccupaltonal exposure 

Users of arsenic containing drinking vvater 
(cspccialh near arsenic ore smelters nnd 
mines) of foodstuffs tobacco and liquor con 
laminated with arscmcals 

Users of arsenic containing medicines (ars 
phenammes cacodylates Towlers solution 
Asiatic pills Donovan s solution arsenious 
oxide m tonics antiseptics antipsonasis or 
caustic ointments antispasmodics) cosmetics 
(hair lotions) 

Persons exposed to inhalation of arsenical 
dust spread from arsemc ore smelters or bv 
dusting arscmcals from airphnes 

g Exposure to asbestos (silicates containing 
calcium magnesium iron nickel and copper) 
(with possible relation to cancer of the lung) 

Artificial wood manufacturers 
Asbestos construction material ssorkers (mill 
board wallboard shingle tile mortar 
clinker) 

Asbestos insulation workers 
Asbestos mill workers (crushers ftbenrers 
moldcrs carders) 

Asbestos miners 
Ashestos spinners 

Asbestos textile workers (cloth hlmkct cur 
lam sheets ropes cords twine thread) 
Asbestos weavers 
Unkc lininc manufacturers 
Brake lining workers 
Carpenters 

n)c workers (acid and fireproof) 
Ilcctncwirc manufacturers 
f liter material manufacturers 
Ciaskcl makers 

Insulation workers (pipes boilers) 

Plumbers 

I’ump-packtnc mechanics 

Roofers 

Rubber production workers 

h I-spoMire to solar radiation and ultri 
siofct radiation (wuh possible relation to 
cancer of the skm) (Ficiire 1-4) 


Agncultural laborers 

Boatmen 

Cattlemen 

Construction workers 

Cowbojs 

Drivers 

Farmers 

Fishermen 

Gardeners 

Herders 

House painters 

Lumbermen 

Miners working in surface mines 
Nurserj men 
Oilfield workers 
Oil operators 

Pharmaceutical manufacturers of vitamm D 

Railroad engineers 

Railroad workers 

Ranchers 

Road workers 

Rural mail earners 

Sailors 

Sportsmen 

Stockmen 

Sunbathers 

Vine growers 

Welders 

I Exposure to roentgen rajs and radio 
active chemicals (with possible relation to 
cancer of the skm lung bone and hver and 
leukemia) 

(I) Occupational exposure 
Atomic energy plant workers 
Biologists 
Chemists 

Gas mantle manufacturers 
Laboratorj technicians and attendants 
1 ummous dial painters handlers and ship 
pers metal scrap handlers 
Nurses 

Pharmaceutical workers using radioactive 
isotopes and makmc radioactive tracer 
subsianccs 
Phjsicwts 

Radioactive clcctrosntic eliminator manu 
facturen and opcniors of such devices in 
textile and p ipcr plants 
Rndiolocic icchnicnns 
Radioli cists 

Ridnmi libonlorv wcintrs 
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Radium rcfincrj workers 
Resenreh workers Inndling ndioiclisc iso 
(opes and (neer substinccs 
Roentgen and ndium technicians 
Roentgen meclnnics 


Organization 

ores and drinking or bathing in water o( 
radioactive springs or residing m the 
waste disposal area of radioactive opera 
tions 

(3) The most effective method of pr: 
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Roentgen tube manufacturers 
Roentgenologists (medical electric industry 
aviation mctallurgic chemical textile 
art and jewelry shoe sales beauty parlors 
research) 

Shoe salesmen in stores using fluoroscopcs 
for fitting 

Uranium dvemakers 
Uranium glassmakcrs 
Uranium glazemakcrs (tile) 

Uranium miners and miners of radioactive 
ores (pitchblende carnotite etc ) 
Uranium paint makers 

(2) Nonocciipaltonal exposure 
Customers of shoe stores using fluoroscopes 
Patients consuming radioactive water for 
medicinal purposes over long periods 
Patients receiving large doses of ionizing 
radiation for medicinal purposes 
People living in regions with radioactive 


venting the occurrence of cancers caused by 
environmental or occupational cancerigens is 
the cessation or arrest of any further pro- 
duction of all known cancertgcnic agent* 
This radical step is practical m only a 
instances and is a task that concerns mam y 
technologists Thus benzo' which former y 
was used in many operations has now een 
replaced by less hazardous solvents sue 3 
benzine xylol toluol and petroleum ether n 
recent years both the German and Eng>* 
dye manufacturers discontinued the manu 
faclure of beta naphthylamine after attemp 
(o control the bladder cancer hazard 
aled with the production of this chemic 
had failed In the Swiss dye industry this go 
is sought by sulfonatmg nitronaphthalenc 
fore this chemical is aminized and there J 
producing a noncarcinogenic compoun 
contaminations of alpha naphthylamine 
various derivatives used as antioxidants m 
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rubber industry hivt given rise to bladder 
cancer among workers handling such products 

(4) Cancer prevention can be clTectcd onl> 
bj eliminating or grcatl) reducing contact with 
the canccrigens This procedure requires the 
installation of cloved methods of production 
secondary conversion into noncanccrigcntc 
substances or destruction of canccrigenic 
components contained m industrial and con 
sumer goods by proper procedures md safe 
disposal of all cancengcnic wastes that might 
pollute the air water soil or other parts of 
the human environment As examples of this 
approach one may cite the introduction of a 
closed sjstem of production in the manu 
facture of benzidine and to a large extent 
also of beta naphth)lamine in some American 
establishments manufacturing d>c and rubber 
antioxidants 

Following the demonstration of an excessive 
incidence of lung cancer among the workers 
m American chromate plants new plants with 
greatly improved production methods as far 
as contact of the workers with chromite and 
chromate dust is concerned arc being con 
structed Again it is uncertain whether such 
new technical advances may eliminate entirely 
an effective exposure to the canccrtgcmc 
chemicals because similar developments in 
the German chromate industry were not com 
pletely successful in this respect 

After the discovery of carcinogenic proper 
ties of bunker C fuel oil the residual product 
of the catalytic cracking of processed petro 
leum oils that is used for ship and industrial 
fuel and in the manufacture of carbon blacks 
and wall board the American oil companies 
have undertaken a comprehensive epidem 
lologic and experimental technical and bio 
logic study of this problem One leading oil 
company has issued an educational booklet 
describing the nature of the potential hazard 
connected with the exposure of its workers lo 
this oil and has painted with a distinctive 
color all pipes tanks pumps and other 
equipment containing this oil in its refineries 
In addition it requires the observation of 
special precautionary measures during mam 
tenance and repair work testing loading and 
other manipulations of the oil For the 
protection of the consumer this particular 
company merchandises the potentially carcino 


gcnic oil only in blended form by diluting it 
at a ratio of 1 10 with noncarcinogcnic oil 

(5) Suppression of parasitic infections by 
suit'ible simlary and therapeutic measures and 
proper quantitative and qualitative adjust 
ments of dietary imbalances when instituted 
sufficiently early irc cfTcctivc means of com 
bating parasitic cancers and dietary cancers 
respectively 

(6) Workers to be employed m cancen 
genic occupations where they arc exposed to 
agents should have a thorough medical pre 
placement examination Workers with prcvi 
ous exposure to cancengcnic agents m their 
occupational history should be excluded from 
further employment in such operations if 
such work would bring about an aggravation 
of their liability to develop occupational can 
ccr Likewise they should be studied for the 
presence of prccancerous conditions of known 
or unknown origin that might be activated 
into cancerous development by further contact 
with cancengcnic agents 

(7) All workers employed in or entering 
canccrigenic operations at regular or irregular 
intervals should have periodic medical exami 
nations 

(8) All workers who have once developed 
industrial cancer should remain under constant 
medical surveillance 

(9) Prophylactic measures are indicated 
for a number of precanccrous conditions of 
largely unknown origin such as senile kera 
toses cutaneous horns leukoplakia of tongue 
and oral cavity kraurosis vulvac kraurosis 
penis phimosis undescended testis erythro 
plasia Bowen s dyskeratosis seborrheic kera 
tosis intestinal polyps chronic cervicitis 
papillary adenoma of milk ducts and chronic 
cystic mastitis Moles subject to frequent 
trauma and irritation should be excised ex 
tensive third degree burns should be covered 
with full thickness skin grafts to reduce the 
possibility of bum scar cancers 

(10) Medicinal agents with known or sus 
pected carcinogenic properties should be used 
with discrimination and proper supervision 
The use of ionizing radiation in the treatment 
of noncancerous lesions such as chronic 
dermatitis tuberculous arthritis chronic ton 
sillitis hyperplasia of adenoids aero otitis 
hypertrichosis and other disorders mainly of 
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cosmetic character should be discouraged, 
since doses are not infrequently used that may 
cause permanent tissue damage resulting in 
cancerous sequelae 

Likewise the indiscriminate and prolonged 
administration of arsenicals tar preparations 
shale Oil derivatives and impure mineral oil 
products m dermatology is distinctl) inadvis 
able for the same reason Special caution 
should be observed whenever estrogenic prepa 
rations are given m large doses and over n 
long time to female as well as male patients 
Since there exists some evidence suggesting 
that such chemicals might elicit or stimulate 
the development of cancer of the breast and 
endometrium 

Because of a possible activating effect of 
pregnancy upon the growth of mammary can 
cer pregnancy should be interrupted or pre 
vented from occurring m women who suffer 
from breast cancer or who have undergone 
apparently successful treatment for this con 
dition 

Research Aspects 

Inasmuch as almost all known or suspected 
cancengenic agents are of exogenous origin 
it IS probable that there exist other so far 
undiscovered environmental cancengens and 
that the total number of cancers of environ 
mental genesis is appreciably larger than 
appears from the available data The existing 
ditferences m the regional total cancer death 
rates ic the regional occurrence of cancers of 
various sites (skin lung stomach) and their 
distribution between the two sexes provide a 
distinct indication for a critical study of the 
possible causes of such variations and of the 
composition of the local environmental can 
cengemc patterns that may be responsible for 
such differences 

V IMPORTANT COMPLICATIONS 
OF CANCER 

Etiolegie Factors 

Most of the important complications of 
cancer are normal and thus unavoidable re 
suits of the disease and their control there 
fore IS mainly a matter of proper therapeutic 
management There exists however a small 
number of serious complications that have 
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been associated with certain therapeutic pro- 
cedures used The administration of x rays 
or radium, for instance has been followed in 
some cases after a latent period of many years 
by the development of cancers in the ir 
radiated tissues, such as skin and bones and 
possibly breast and uterus The therapeutic 
use of benzol ionizing radiation (x rays 
radioactive substances and isotopes) and 
urethane has caused occasionally fatal agranu 
locytosis and aplastic anemia Extensive or 
excessive surgical removal of axillary tissue 
in connection with radical mastectomy has 
been followed by the development of elephan 
{lasts of the corresponding arm and thereby, 
partial disablement 

VI DIAGNOSTIC SCREENING 
PROCEDURES AND TESTS 

During recent years numerous technics and 
tests intended for screening large population 
groups have been devised with the purpose 
of discovering cancers during their eari) 
localized and asymptomatic stage The various 
methods employed fall into two groups 
periodic medical examinations of normal m 
dividuals and of individuals with suspicious 
symptoms and diagnostic tests for cancer 
performed on urine blood or other biologic 
material obtained from apparently normal 
individuals 

Periodic Medical Examinations 

A considerable number of Cancer Detection 
Clinics have been established in in attempt 
to improve cancer control It appears that 
periodic mass screening for cancers of certain 
accessible sites (skin lip mouth tongue 
larynx rectum, prostate breast uterus bloo 
forming organs) may prove to be practicab e 
from the standpoint of existing medical know 
edge and personnel and of available financw 
resources Such schemes however are con 
sidered premature and impractical for the 
discovery of cancers of other organs an 
tissues particularly the Jung stomach an 
intestine 

As long as diagnostic screening procedures 
depend upon the voluntary co-operation of the 
general public it is essential that interest m 
cancer hazards and cancer be stimulated an 
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mamtamed by a skillfully conducted publicity 

campaign 

Presumptive Cancer Tests 

An acceptable diagnostic cancer test that 
can be used in mass screening for the dis 
covery of early localized cancer must be 
efficient and reliable to a high degree must 
not give too many false positive results and 
must be simple and relatively cheap None of 
the numerous tests so far proposed fulfills 
these requirements 

Vil CRITERIA FOR MEASURING 
EFFECTIVENESS OF 
PREVENTIVE MEASURES 

It is essential to determine the relative 
elTectiveness of any and all preventive and 
prophylactic measures taken so as to be able 
properly to balance and adjust efTotts and 
expenses m relation to results obtained 

The only approach by which to judge ap 
proximately the effectiveness of preventive 
measures is offered by an evaluation of the 
following criteria made some 10 to 20 years 
after the institution of the measures 

1 Morbidity and mortality rates o! cancer 
as to total number and specific sites 

2 Length of latent period 

3 Sex ratio 

4 Cancer multiplicity 


Preventive measures that result m an ap 
preciable reduction of the degree and duration 
of exposure to caremogeme agents produce 

1 A decrease m the absolute and relative 
frequency of cancers this effect as a 
rule is limited to cancers of a particular 
site or sites determined by the nature of 
the carcinogen and the type of exposure 

2 A lengthening of the latent period which 
results in a shift of the mean manifesta 
tion age into an older age group 

3 A shift m the sex ratio of the individuals 
affected by a particular cancer if the 
causative cancer hazard affects mainly 
members of one sex 

4 A reduction in the relative frequency of 
multiple cancers of synchronous or 
metachronous appearance and systemic 
or nonssstemic location 

The prevention of cancer by the various 
methods outlined can only to a limited degree 
be effective in the present state of our knowl 
edge It is a valuable approach to cancer 
control and one that should be used to a 
much higher degree than has been done m 
the past Cancer prevention js a part of the 
cancer problem that belongs primarily m the 
domain of the practicing physicun and medi 
cal epidemiologist and to which the animal 
experimentalist can make only secondary con 
tributions 


CHAPTER 2 


The Organization of a Tumor Clinic in a 
General Hospital 


Char/es F Branch 


Although this chapter is based on extensive 
practical experience augmented by compre 
hensive research and personal investigation 
of the many facets of this complex problem 
the author claims little originality for the 
basic concepts involved A glance at the bib 
liography will show that through the natural 
process of evolution over the past three dec 
ades many individuals have contributed vat 
lous fascicles of organization and procedure 
until at long last there has evolved a plan of 
attack which in the field of cancer control 
IS the essence of simplicity clarity and ef 
fectiveness 

Not the least of these contributors was 
Bowman C Crowell Associate Director of 
the American College of Surgeons and Direc 
tor of Its Department of Clinical Research 
for twenty three years His was the task not 
only of establishing the pattern of standards 
and initiating a nationwide program of m 
spection and approval of cancer facilities but 
also his was the seemingly insurmountable 
and often thankless chore of stimulating many 
diversified groups of different economic cul 
tural and scientific mores frequently geo 
graphically isolated to institute some type of 
organized cancer service or facility in their 
communities The growth of these clinics 
noted elsewhere m this chapter attests his 
success This accomplishment was further 
recognized by the American Cancer Society 
when in 1949 he was honored by being the 
first recipient of their National Award in 
recognition of his outstanding contribution to 
the control of cancer 

Cancer is a major health problem that must 
be mcl intelligently realistically and aggres 


sively by the trustees administrative officers 
and staffs of the large hospitals in this coun 
try The consensus of authoritative contera 
porary opinion in the field of cancer control 
IS that further expansion of group effort m 
cancer services in general hospitals together 
with continuous professional and lay educa 
tion constitutes the only immediate means of 
reducing cancer morbidity and mortality Ex 
penence conclusively proves that improved 
service for the cancer patient through earlier 
diagnosis prompt and adequate treatment 
and a greater distnbution of available cancer 
facilities must precede any substantial progress 
m cancer control 

In considering the organization of a tumor 
clinic in a general hospital one can scarcely 
do better than to review the growth and de 
velopment of such facilities since the original 
fervent appeal of Ewing Greenough and 
Oerster in 1929 

In 1930 the American College of Surgeons 
with the approval and Tt the request of th 
American Society for the Control of Cancer 
(now the American Cancer Society) formu 
lated a minimum standard for cancer clinics 
in general hospitals In October 1933 after 
inspection and careful consideration of the 
installations then in operation the Board of 
Regents of the College published a list of l5 
approved facilities In 1950 the Public Heatt 
Service in its excellent Publication No 1^ 
Cancer Services and Facilities in the Units 

Slates 127] listed 613 cancer clinics and 1^ 

diagnostic clinics or tumor boards as well as 
14 recognized hospitals devoted exclusively 
to the care and treatment of cancer patients 
Under the recently reorganized Cancer Com 
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mittec of the College of Surgeons and the 
current standards for approval expressed m 
their brochure Manual for Registries and 
Cancer Chnic Activities [10] the Board of 
Regents m October 1956 published u list of 
713 approved cancer programs irv the United 
States Its territories Canada and Cuba This 
list also includes the cancer hospitals above 
noted 

The number of cancer detection centers 
operating m this country vanes with the 
authority quoted and the complexities of 
that philosophy are considered in another 
chapter of this publication We have long 
been of the persuasion that cancer detection 
begins m the doctor s office Professional edu 
cation directed along these lines should take 
the form of refresher courses, graduate med 
ical assemblies or even mail order home study 
courses directed from some approved medical 
agency such as a regional medical school 
Most of us would admit that the three years 
of intensive pilot experiment and the ex 
pcnditure by the American Cancer Society 
of millions of dollars and man hours for lay 
and professional education along these lines 
have at least resulted m focusing attention on 
the theorem that the family physician is the 
key man m cancer control Furthermore this 
extensive lay education has been most pro 
ductive in stimulating the average person to 
seek medical advice much earlier than usual 
thus enabling physicians to detect sooner than 
otherwise the earl) cancer ptecancerous le 
sions areas of chronic irritation or abnormal 
phjsiologic conditions that might lead to can 
cer — as well as to discover the early mam 
festations of many other diseases 
Time and space preclude the consideration 
here of other forms of approved cancer serv 
ices In passing it should be noted that all 
that IS written about the organization of a 
cancer clinic (Cancer Consultation and 
Treatment Semce) applies with equal logic 
and force to cancer diagnostic clinics (Can 
cer Consultation Service) or as designated 
in some sections of the country Tumor Board 
The fundamental difference between the two 
concepts rests entirely on whether or not the 
modalities of treatment such as surgery x ray 
radium the radioactive isotopes and chcroo 
therapeutic maitrials are available We pre 


sume to use these archaic terms because 
general medical semantics and common usage 
have firmly fixed them m the vocabulary of 
the average physician throughout the land 
On the other hand we would be woefully 
negligent if we failed to emphasize the chang 
ing trend in terminology expressed m the 
title of the Cancer Committees brochure [10] 
and again note that the Board of Regents now 
issues Its report of Cancer Programs Ap 
proved without any further definition of 
terms Not everyone would agree on a cate 
gorica! classification of cancer facilities but 
for the time bemg we would recommend strict 
adherence to the type of such facilities now 
recognized jointly by the American College 
of Surgeons the American Cancer Society 
and the Public Health Service and as ex 
plicitly approved by the Joint Commission on 
Accreditation of Hospitals The pattern here 
presented has stood the test of time trial 
and no inconsiderable tribulation It would 
be absurd to presume that it will fit the need 
of every city town and hamlet or that m 
some instances and with the most altruistic 
motivation it will do more than augment 
certain local rancor and righteous feelings 
of prerogative On the whole however* if « 
sound and from its manv suggestions any 
community or group of serious minded phv 
sicians can find or evolve a plan to fit iheir 
particular needs circumstances and pocket 
book The organization of such facilities 
wrtbin a general hospital must of necessity 
vary considerably depending on circumstances 
of personnel equipment physical plant and 
the association of the clinic with academic 
programs and voluntary health agencies The 
constant factor that must be present if the 
blessmg of the approving authority is sought 
IS the absolute insistence that anv cancer 
program shall have and maintain an active 
Cancer Registry Scores of approved cancer 
clinics had their genesis in small enthusiastic 
groups of individuals who at first were com 
pelled by some modification of the circum 
stances noted to operate as a diagnostic clinic 
Some actually had their inception in extra 
mural space associated with neither a hos 
pital or medical school As they grew ihe 
need became more apparent enthusiasm and 
public support increased Needed equipment 
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and personnel frequently became avnilablc 
often through the interest and co operation 
of the local chapter of the American Cancer 
Society or other public spirited agency and 
overnight these organizations became fully 
equipped and operating cancer clinics with 
all the vital attributes of such treatment 
centers 

Cancer is the second most common cause 
of death in this country, taking a toll of over 
two hundred thousand lives annually Even 
with insufficient statistical control (cancer is 
a reportable disease m only twenty eight 
states) reputedly nearly one million other 
persons are afflicted with the disease at alt 
limes It IS no scarehcad when the Public 
Health Service points out that because of our 
increasing longevity 20 per cent of the boys 
and 22 per cent of the girls born must look 
forward to suffering from this disease at some 
time m their lives In spite of our close con 
tact with the field the best available records 
we could gather at the College of Surgeons in 
1950 indicated only slightly over five hundred 
thousand annual visits to cancer clinics 
throughout the country These awesome facts 
substantiate the reassuring attitude of the 
American Cancer Society and the Division of 
Cancer Control of the Public Health Service 
in their forthright and generous support of 
the American College of Surgeons m its aim 
to secure the eventual distribution of cancer 
clmics throughout the country in such num 
bers and in such strategic locations as to make 
their service available to the greatest possible 
number of patients 

What constitutes an adequate number of 
cancer clinics is a moot question As Pack has 
so succinctly put it The number of cancer 
clinics in any community depends largely on 
local needs and existing hospital facilities 
This IS a problem which cannot be solved by 
rule of thumb or gross population There can 
never be too many diagnostic tumor clinics 
m any city but for cancer therapy it is more 
ideal and less expensive to have properly 
located treatment centers with adequate x ray 
and radium facilities Assuming that for 
many reasons it is impracticable to have a 
cancer chnic m a general hospital of fewer 
than one hundred beds and frankly admitting 
that not all large hospitals need such instal 


Organization 

lations m the light of the supposed incidence 
of the disease twenty years ago it was ongi 
nally postulated there should be a cancer 
clinic available for each 200,000 of the popu 
lation This figure has been approximated In 
fact, several states have long since exceeded 
their theoretical quota Within the past few 
years and m the light of the ever increasing 
incidence of cancer, many aulhonties now 
believe we should plan a cancer clinic for 
each 100 000 of the population To some this 
arbitrary establishment of a didactic figure 
is too much a rule of thumb and serves no 
useful purpose However, considenng the 
latest figure of 713 approved cancer programs 
against these potentialities and the existing 
approved hospital facilities it appears that at 
the moment there are approximately 620 ap 
proved general hospitals of between 100 and 
200 beds and 336 approved hospitals of over 
200 beds which have no cancer clinics In 
other Words there are an estimated 956 ap- 
proved hospitals in this country that could 
accommodate a cancer program of some type 
an increment that would provide our potential 
cancer patients with n theoretically adequate 
number of facilities 

The formation of a tumor clinic in a gen 
eral hospital is not a difficult task Assuming 
the hearty support of the staff and admmistra 
tion certain material advantages and econo 
mies m the utilization of personnel equip 
ment and space immediately become appar 
ent Such a liaison provides the cancer patient 
and the community with the best possible 
method of handling the vanous perplexme 
and distressing aspects of this disease In con 
sidering definitive action relative to the or 
ganization of such a clinic in a general hos 
pital, no better critique of the value an 
stability of such facilities can be offered than 
to suggest that the reader compare the advice 
offered m a paper by Pack in 1934 and the 
modus operandi recommended by the Amcf 
lean College of Surgeons m its publication^ 
Our brochure of 1947 [15] completely 
lined these procedures and although the 
terns can be overlaid with scarcely a hiatus 
one should follow the latest edict and sug 
gestions of the Cancer Committee [10] m 
tablishmg any type of cancer program at t 
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Fig 2 1 (Cowrtciy AmerKon Ceiiege of Surgeoni ) 
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Oi^nizatioD 


Minimum Requirements for 
Approval of i Cancer 
Registry and Caneer Clinical Activities 


Cancer activity must be conducted either In and the 
staff of a hospital approved by the Joint Gommistdon on Ac 
creditabon of Hospitals or in lieu of this by an organtza 
tfon the cancer activities of which has the format approval 
of the local county medical society 

I COMMITTEE ON CANCER 

There shall be a Committee on Caneer of the hospital 
medical staff consisting of physicians directly concerned 
with the diagnosis and treatment of cancer Uiat shall be 
appointed by the appointing authority of the medical 
staff The duties of this Committee shall be to Imtiale 
supervise and appraise the cancer program and to le 
port to the medical staff at least annually It shall mam 
tain close baison with the Tissue Committee 


U CANCER REGISTRY 

It shall be a reipiirement (after December 31 1955) 
for approval that a properly functioning cancer registry 
be in deration which records every patient private and 
pubhe inpatient and outpatient, upon whom the diag 
nosis of cancer is established This may be the only for 
mal cancer activity conducted 

Each year a report will be made to the medical staff 
o! the current work of the registry including five year 
end results as they become available through continuing 
follow up 

III CANCER CLINICAL ACTIVITIES* 

With the Cancer Registry as a requirement the program 
may offer (a) a Cancer Consultation Service or (b) a 
Cancer Consultation and Tceatmeat Service 


A CMCtn consuLTAnors stn>iCB 

1 Organixallon 

Tliere shall be a defimte organization of the Service 
with representation from the vanous departments of 
the hospital concerned witb the diagnosu of cancer 

2 Patients 

Reference to the Cancer Consultation Service of aQ 
patients in whom the diagnosis of cancer ss to he coo 
sidered shall be either voluntary or obligatory prefer 
ably obligatory in at least the case of jmbbe patients 
in accordance with the recorded vote a! die medical 
staff and the govecnuig board of the hospitd 

3 Equipment 

la additzoa to the usual diagnosbc equipment re 
quired in every approved general hospital there shall 

*Bec use of th wide anaboa of op ationat patterns des pfave 
org luz booal lennioology may vaiy as tradib n and local condi 
boos diet t For essmpl certain groups m y wish to use lii 
Icrms *mimor board neoplastic time an er can 

ce» service " et cetera. 


be such Other diagnostic equipment as Is necessary 
for the diagnosis of cancer 

4 CUnhal Record 

Tho cUnieal record ihall be a complete chronological 
account of the cancer patient s course including lab- 
oratory diagnoses arid an autopsy diagnosis when 
available 

5 Treotinent 

No treatment is offered by the Cancer Consultation 
Service 

fi CfiniealSesiiORS 

Regularly scheduled clinical sessions shall be held as 
often as necessary for proper service to the patient 
preferably at least weekly 


B CANCEH COSSULTATIOV ATO TaEATMEVT SEItVlCB 

1 Orgonlietlon 

There shall be a definite organization of the Service 
with representation from the vanous departmeats of 
the homilal concemed wjli the diagnosis and tieet 
mcnf of cancer 

2 Patients 

Reference to the Cancer Consultation and Treatment 
Service of all patients m whom the diattosis wd 
treatment of cancer is to be conadered shall be e tasi 
voluntary er obbgaloiy preferably obbgatety m the 
case of pubbe patients w aecoroanee with the re 
corded vote of the medical staff and die governing 
board of the hosp tal 

3 Equipment 

In addition to tho usual diagnostic and Ihera^utic 
equipment required in every approved gene^ hos- 
pital there shsiu be such other diagnostic and tners 
peutic equipment as is necessary for the diagnosis 
and treatment of cancer 

4 Cl ntcol Record 

The clinical record shall be a complete ehronoloKcJ 
account of the cancer patient s course including Ui^ 
oratory iagnoses and an autopsy diagnosis wbe 
available 

5 Treefmeot 

The treatment of caneer patients shall be 
to the members of the hosp tal medical staff 
in cases where adequate treatment must be 
elsewhere in keeping with the collective recoinai*“ 
dabons of the group 
S Ctin col Sessions 

Begularly scheduled clinical sessions shall he hdd M 
often as necessary for proper care of the paben 
preferably at least weekly 


Fig 2 2 (Courfasy Amencan College of Surgeons ) 
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time Although other organizations and in 
dividunls have prepared outlines of procedure 
and format it w,ould be trite indeed to try to 
improve on the material prepared by the 
American College of Surgeons the American 
Cancer Society or the Public Health Service 
for the guidance of those interested in es 
tabhshmg tumor dimes in their respective 
hospitals Such outlines and advice born of 
years of experience are generously provided 
by these organizations to any properly author 
ized person who may request them Careful 
scrutiny of all available literature provides 
no more concise informatiori than that dc 
pictcd in Figures 2 2 and 2 3 
The organization of a cancer clinic in a 
general hospital must of necessity vary con 
sidcrably depending on circumstances die 
tated by available staff ancillary personnel 
equipment teaching afTUiations hospital fatil 
ities and funds as well as on the size of the 
community to be ser\cd and the association 
of this projected organization with other vol 
untary health and welfare agencies (In New 
York State the Dep irtment of Health recog 
nizcs the value of co ordmatmg effort with 
at least eight ditterent agencies ) In years 
gone by vshen in our ignorance we were 
happily possessed of an undeveloped social 
consciousness such considerations as the lat 
ter Would have been poorlv understood and 
would have mattered not at all This is no 
longer so A close luison with and specific 
knowledge of the vital role played m the field 
of cancer control by the American Cancer 
Society the Division of Cancer Control of 
the State Health Dep irtment and the Cancer 
Committee of the State Medical Society of 
each state the regional cancer committees of 
the American College of Surgeons the cancer 
CO ordinators of our medic'll schools the 
Visiting Nurse Association and many other 
voluntary nonprofit health services is fullv 
as essential as the space provided by the hos 
pitals w-ithm which to work 

In spite of this new and broader concept of 
the organization of a canter chnic an im 
ptralive preliminary step is to obtnn the 
hearts support and co operation of the med 
ical staff of the hospital It must not bt sup 
posed that the entire stiff will subscribe to 
Ewings dictum tbit canttr is no longer a 


one man job For various egocentric reasons 
the attitude of tertam members of the staff 
may be found to express it delicately less 
than enthusiastic Many authors have defined 
this theorem but no one has made it more 
cleat than Pack who remarks No one phy 
sician has sufiicient knowledge and experience 
m the diagnosis and treatment of neoplastic 
diseases of all organs to be independent of 
the opinions and aids of his medical con 
fteres Group judgment as to diagnosis and 
proposed plans of treatment are preferable as 
they arc based on the agreements of surgeon 
radiologist pathologist etc The patient bene 
fits by the knowledge skill and experience 
of physicians who have devoted themselves to 
ihc diagnosis and treatment of this disease 
A tumor clinic m a general hospital should 
be autonomous within the organization of 
that institution m the sense that it is a service 
as distinct and separate as any of the other 
hospital services Its interrelations with the 
other departments however of necessity are 
close and intimate ones Whether a case ongi 
nates in the outpatient department or is re 
ferred as a private patient diagnosis assign 
nicnt to service for definitive care discharge 
and follow up all demand the closest depart 
mental co operation A tumor clinic is an 
exercise in sublimation of self for the greatest 
good of the patient suffering from cancer Its 
reward is an unrivaled opportunity for self 
education scientific investigation and a post 
graduate course in oncology Seldom does the 
average physician see more than a dozen cases 
of cancer a year It has been repeatedly dem 
onstrated that the concentration of cancer 
cases m a special service insures better care 
of these patients through consultation between 
those best versed m the various methods of 
diagnosis and treatment as well as stimulates 
the keeping of accurate and uniform records 
and a carefully organized followup system 
to detect early recurrences or metastases and 
the evaluation of treatment and general pro 
cedure Further it is the only means w hereby 
accurate statistical material can be gathered 
on an accumulative experience so that this 
matcnal may be appropriately disseminated 
through authoritative sources and correlated 
with a state cancer record registry or whence 
It may be utilized for clinical research or jn 
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Org'inizaUon'i) Plan for Cancer Programs 
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fig 2 3 (Ceifflttf American Coffege of Surgeons ] 
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tegrated \'ilh research m the basic medical 
sciences 

No tumor clinic is better than its personnel 
All important as arc the medical staff and 
their consultants it is equally mandatory that 
anj active cancer facility must hate adequate 
and well trained secretarial service nurses 
conversant with the special problems of can 
cer patients social service workers clerks or 
interne service and some type of extramural 
household nursing service such as is custom 
aril) provided by the Visiting Nurse Associa 
lion or by the Public Health nurses As we 
have noted in a previous publication [151 A 
cancer clinic service will attain greater clTi 
cienc) when directed by a permanently dcsig 
nated personnel selected from the various 
departments for their previous training or 
experience in oncology or their ability m 
some special field as it relates to malignant 
disease and their willingness to devote special 
time and effort to this endeavor The key 
members of the cancer clinic staff arc the 
pathologist radiologist general surgeon and 
internist Also essential is the availability of 
the services of representatives of the surgical 
specialties — gynecology urology otorhmo 
laryngology orthopedics as well as derma 
tology and such other special departments of 
the hospital as may be concerned with the 
diagnosis and treatment of cancer The serv 
ices of an oral surgeon are frequently of great 
value It will generally be found that a rotal 
ing system of service m the staff of a cancer 
clinic will not produce the increased efficiency 
and cumulative experience provided by a 
permanent group In justice to the cancer 
patient who ideally should remain a lifelong 
study continuity of service is not only desir 
able but necessary 

The selection of the director of the tumor 
clinic should be approached with care for 
about him frequently revolves the success or 
failure of the venture He should be an m 
dividual qualified by training experience and 
personal interest in the cancer problem He 
must be an organizer and a leader with that 
rare human trait a happy blending of cn 
thusiasm and sagacity It has been our ex 
penence the country over that most successful 
mentors of tumor clinics are such uncon 
troversial and nonsuspect members of the staff 


ns the pathologist or radiologist An interesting 
sidelight hns been the number of dermatolo 
gists and pediatricians we have discovered m 
this role However it cannot be emphasized 
loo much that the general cart, and treatment 
of cancer tends to be a surgical problem and 
with that in mind we have found that one of 
the well accepted and better trained young 
surgeons frequently provides the necessary 
spark to enlist the confidence of the staff and 
attract the needed community support 
The fact that many hospitals arc not so 
extensively departmentalized as to provide all 
the specialists suggested should in no way act 
as a deterrent to any ambitious group bent 
upon forming a cancer consultation and treat 
ment service or a diagnostic clinic One item 
of personnel is imperative in establishing such 
an organization and that is good secretarial 
assistance We have frequently found that 
even with an adequate staff contingent the 
success or failure of a clinic has hinged on 
this one person Part time assistance donated 
by a volunteer worker or begrudgingly be 
stowed from an overworked record room 
may be sufficient in a small cimic seeing only 
a half dozen new cases each week and per 
haps twice as many follow ups but such an 
arrangement is lethal to a large clinic Full 
time intelligent co operative secrctanal as 
sistance is imperative to successful operation 
of any active clinic Physicians on the staff 
who have Iheir practice to attend to and to 
whom the cancer clinic is only a half day 
exercise once a week (and the majority of 
the clinics of the country so operate) must 
look to a thoroughly trained and competent 
person to hold the organization together 
Aside from the relatively simple task of tak 
ing notes and keeping minutes of the various 
clinical and formal sessions of the staff other 
routine duties consist of keeping the cancer 
registry records and files of the clinic and 
preserving their continuity keeping the tickler 
system on the follow up cases properly aligned 
and functioning making appointments fre 
qucntly assigning and always following pa 
tients through their various phases of hos 
pitahzation and treatment and attending to 
the correspondence including all letters to 
referring physicians and social agencies That 
this can be usually is and should be a full 
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time job IS sadly appreciated by no one more 
than those who have had to struggle to roam 
tarn a functional cancer clinic with less 
Social service workers arc desirable m my 
dime but they arc indispensable m large 
metropolitan installations In this era of mul 
tiplc interdependent if not actually inter 
locking social agencies it is the worker in 
this field who should know her community 
resources of funds for the indigent and the 
medical facilities available for the terminal 
care of cancer sufferers Such workers arc in 
valuable in tracing the lost follow up and 
transient patients as well as m interviewing 
and investigating family resources One of 
their most valuable areas of assistance is in 
CO ordinatmg the efforts of the clinic and 
community m assisting terminal care patients 
at home In smaller communities and rural 
areas a dynamic clinic secretary or visiting 
nurse can accomplish these same ends but m 
large centers of population social service 
workers are a necessity if the cancer clinic 
load IS to be properly distributed 
Aside from bedside nursing and home nurs 
mg care of those ill with cancer in no other 
field of nursing endeavor is the responsibility 
greater than m the tumor clinic As Cameron 
remarks The problems created by cancer 
for the patient and his family are more than 
physical ones they involve major psycho 
logical adjustments and financial burdens 
which aie difficult if not impossible lor the 
family to meet alone Perhaps no other disease 
demands of the nurses so much sympathetic 
understanding of human relationships and 
such Wise guidance m building morale to help 
the patient and his family meet their prob 
lem If a training school exists in the hospital 
student nurses should be given every oppor 
tumty to study the methodology and philoso 
phies of the tumor clinic and to perfect them 
selves in the special technics associated with 
the bedside care of the cancer patient If the 
hospital IS affiliated with a medical school 
opportunity should be provided for the cancer 
CO ordinator of that institution to utilize the 
clinicil sessions for undergraduate section 
teaching It goes without saying that residents 
and internes on the hospital staff should ro 
tate through the clinic 

Under no circumstances should the general 
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staff be excluded from m interest in thi. 
cancer clinic Their attendance and participa 
tion especially at the formal conferences 
should be cncoungcd as part of the whole 
program It is also essential that departmental 
rcprcscntilivcs on service participate m pre 
scnting nnd discussing cases from their re 
spcctivc departments nnd it is equally ad 
vantageous for physicians to take a similar 
responsibility when they refer patients to the 
clinic If the State or County medical societ) 
his established a panel of physicians who 
have been particularly contributing to the 
community cancer program by carrying on 
cinccr detection or diagnostic work special 
effort should be made to arrange for them to 
follow patients discovered through their effort 
It should be particularly emphasized that a 
cancer clinic m a general hospital m no way 
alters or disturbs the relationship between the 
physician and his patient If possible the 
general practitioner on the staff should he 
represented in the cancer clinic and m this 
instance a rotiting service might well be 
considered One of the greatest advantages 
of a tumor chnic is to provide a golden op 
portunity for graduate education in the special 
diagnostic knowledge technics equipment 
and various modalities of therapy not found 
in the office of or readily available to the 
average physician 

Two types of conferences should be con 
ducted by the staff of most tumor clinics 
the clinical session and the formal confer 
ence At the chmeal session the group is 
concerned with investigation and discussion 
of new cases observation and specialiZ6<^ 
care of patients under treatment and the 
follow up or rehabilitation of old cases 
Whether held in the outpatient department 
medical school clinic rooms or possibly m 
buildings outside the hospital it provides the 
common meeting ground on which the path 
ologist radiologist and surgeon see and dis 
cuss cancer patients from their varying 
Viewpoints With increasing experience their 
comprehension of malignant disease in 
many forms their skill in the diagnosis o 
obscure cases and their appreciation of re 
suits to be expected from the various forms 
of therapy become cumulative and confer 
upon the patient the benefits of impartia 
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intelligent care and follow up that can be 
gained m no other way These meetings 
should be held at intervals sufficiently fre 
queni to take care of the case load of the 
individual clinic \arymg between daily ses 
sions m large teaching centers to weekly or 
perhaps biweekly in areas where the number 
of patients is appreciably smaller In general 
It may be considered that if a clinic is so 
small as to warrant meeting only monthly 
then the case load is not sufficiently heavy to 
]ustif) the maintenance of the clinic and all 
the necessary ancillar) services Absurd as it 
may seem to some a word of warning should 
be injected relative to those unreconstructed 
centers of healing in which hallway or curb 
stone consultations are considered the essence 
of a cancer clinic Such tactics estimable as 
they maj be in the general practice of medi 
cine have no place in the function of an 
established and accredited cancer clinic 
Just how a clinical session is conducted 
vanes directly as the space time case load 
and personnel dictate In the first place too 
much publicity cannot be given through la) 
and professional channels announcing that a 

cancer clinic is held each day at 10 00 

^ M in the Outpatient Department of Blank 
Memorial Hospital In a tumor clinic m a 
300 bed general hospital meeting once a 
week at which time four to eighteen patients 
are examined as well as ten to twenty follow 
ups the general procedure might roughly be 
outlined as follows The sccretar) mnkes the 
necessary arrangements with the staff and 
nursing service to have brought to the clinic 
all ambulator) or rcasonabl) mobile cancer 
pitients in the house who were admitted 
through or are the responsibility of the cancer 
clinic Naturally their records accompany 
them The secretary checks her files approxi 
mately two weeks m advance and removes 
the working or follow up control cards 
flagged With suihblc detachable colored 
markers which indicate the patients due for 
checkup on that particular date Post i! cards 
prefer ibl\ shorl form letters ire sent to 
perh ips thirl) such persons In e ist there is 
Tn) question iboul reiclimi. them thcsociil 
•x-rMce worker the sisitniL nurse or in some 
instances c\en the poliee ire iskeel to coa 
tict individuals in remote ire as or wiihout 


telephones to inform them of their desired 
presence at the tumor clinic on any given date 
With the clinic m session one of two 
methods of procedure m examining patients is 
customarily followed In either instance the 
secretary nurse or intern m charge sees to it 
that patients are not kept waiting unneces 
sarily but are promptly assigned to cubicles 
or to conference as the case may be If space 
permits and the clinic is relativel) large and 
active the deposition and examination of 
patients m cubicles is advantageous and to 
be recommended the clinic group proceeding 
from cubicle to cubicle with the recording 
secretary and nurse m attendance In each 
instance the patient is thoroughly examined 
if possible a diagnosis made (if not it is im 
perativc that diagnostic procedures be rec 
ommended) and definitive treatment decided 
upon The secretar) makes record of all this 
usually m a summarizing statement though 
if a valid mmont) opinion is pertinent it 
also should be noted In many dimes through 
out the country the surgeon or a member of 
the examining team puts the entire procedure 
and a summary of opinion on the cylinder of 
a dictating machine immediately after exam 
mmg each patient thus chmmalmg any con 
fusion or possible mistakes concerning the 
group thinking about any given patient In 
smaller clinics where space and personnel are 
limited patients are frequently presented by 
the intern or staff member to the clinic group 
seated in round table fashion in a diagnostic 
area Here too each clinician is given an 
opportunit) to examine the patient and to 
express his opinion Definitive suggestions arc 
made relative to diagnosis and treatment 
preferably after the patient has been removed 
From these opinions in time are evolved the 
technics and policies of that clinic concerning 
procedure in cases of various types of cancer 
observed in that localit) 

Whether the clinic is organized as a con 
sultalion service a diagnostic service or is 
blessed with the full accouterments for treat 
ment it should hi. in a position to offer certain 
immediate diagnostic procedures In this day 
of ilmost unlimited c)loIogic diagnosis it is 
bLCumini, intrcismgl) </< ncmiir to cximint 
the ccrvicil sme irs of all fcmalts visitinc the 
clinic and the same technics arc bccommc 
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more frequently applied to material obtained 
from less accessible sites Punch or cold knife 
biopsies and frozen sections of questionable 
neoplasms in accessible areas may be carried 
out and thus may save the patient and the 
clinic workers many days of invaluable time 
as well as unnecessary occupancy of a vitally 
needed hospital bed for a protracted penod 
of observation Also during the clinic period 
house cases are further studied to determine 
end results suggest further treatment or de 
fine home care or rehabilitation therapy The 
follow up cases that come in can ordinarily 
be handled somevshat more quickly but the 
purpose of their presence is negated if one 
approaches them m a casual slipshod manner 
They should be carefully studied as to ihcir 
general health and psychic and economic 
adjustment as well as for any possible re 
currcnce or metastases Expensive as it is 
radiography should never be scrimped in dc 
termmmg the site of any possible recurrence 
Useless though it may seem m a case of 
advanced recurrence such radiologic record 
will frequently be the only means of com 
pleting invaluable follow up information on 
patients who are bound to leave the control of 
the clinic and who will m all probability 
never come to necropsy 
Following the clinic assignment of new 
patients through the customary admitting 
channels to the various house services or to 
X ray for therapy automatical!) becomes the 
problem of the secretarial and nursing slafT 
of the clinic Records have to be collected 
annotated and refiled Future contacts have 
to be carefully checked on the no show 
follow up cases And last but no means least 
relatives friends and transportation agents 
who accompanied patients to the clinic and 
who may have to wait all afternoon to take 
them home after a course of therapy w 
diagnostic procedures have to be met and 
talked with and otherwise treated like the 
intelligent responsible individuals they are 
Not infrequently they have to be fed and 
sheltered particularly if the weather is inclcm 
ent and the clinic is a considerable distance 
from available public facilities The matter of 
effectuig good public relations or simple 
compassion with these frequently distraught 
fearful or completely bewildered individuals 
has been so consistently overlooked m most 


Orgaolzaflon 

cancer clinics that I am constrained to add 
this line m (heir behalf 

Crowell has succinctly expressed the neces 
sily of holding formal cancer clinic confer 
cnccs and their importance to the clinic stall 
as well as the educational opportunity afforded 
by such exercises [15J The general hospital 
will find It beneficial to hold full staff confer 
cnccs conducted by the staff of the cancer 
clinic at which selected cases of cancer are 


presented The interval may vary from 
monthly to quarterly Physicians from the 
community and surrounding area should be 
regularly notified by mail of such conferences 
Interest may be stimulated fay occasionally m 
viting a well known authority m some field 
relating to cancer to conduct a teachmg 
clinic ’ Pathological specimens microscopic 
slides records and patients should be pre 
sented The value of such conferences is 


chiefly educatioml but it also should acquaint 
the practitioner wuh the advantages to be ob 
tamed by referring his tumor problems to a 
group cancer clinic Although conferences of 
(his type arc of value from several standpoints 
(hey should be a supplement to the clinical 
sessions before referred to and not a substitute 


for them 

In considering what patients should be re- 
ferred to the tumor clinic it is difficult W 
improve on the recommendations of the 
American College of Surgeons The goal is t® 
make the services of cancer clinics availab e 
(o as many patients as possible In time c 
benefit realized from the superior service 
offered to the tumor patient will m itse 
attract more and more patients Thus Fnc 
remarks After the establishment of a 
clinic in a community it will be observed s 
(he delay between the onset of symptoms an 
the appearance of the patient m the clinic 
will nohcably decrease year by year Ear) 
submission for diagnosis results m a hig c 
percentage of cancer cures This increase ^ 
the relative percentage of cases classifie ® 
early or operable may be attributed to 
educational activities of the clinic the awa en 
ing of public and personal interest in 
prevention and treatment the missionary 
efforts of patients who have been satisfactori y 
treated and the co-operation of the physicia 


m the community 
In the hospital itself, it is 


desirable that 
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every outpatient and ward patient presenting a 
benign or malignant tumor or precancerous 
condition be automatically referred to the 
cancer clinic for diagnosis and recommenda 
tions as to therapy The tumor dime should 
receive for treatment not only the patienis 
with advanced incurable cancers referred to 
It from the surgical service and other depart 
ments m the hospital but should be privileged 
at least to see in consultation every patient 
with a benign or malignant tumor But if the 
reference of patients to the cancer clinic is 
to be voluntary, at least every patient m 
whom a diagnosis of cancer is established 
should be registered in its files and referred 
to it for follow up Under the established 
rules of the new Manual for Registries and 
Cancer Clinic Activities [10] this procedure is 
now mandatory The clmic should not serve 
merely as a diagnostic and follow up service 
but should offer advice on various methods of 
therapy that may be employed When therapy, 
surgical or otherwise is to be earned out m 
departments the department representative on 
the cancer clinic staff may frequently have the 
case assigned to him or assist m the thera 
peutic procedure 

The private patient should have ready ac 
cess to the services of the cancer clinic staff 
when referred by written request of his 
physician or accompanied by him A con 
siderable proportion of the patients seen in a 
cancer clinic should be ambulatory patients 
referred from physicians offices 

Although one might assume that equipment 
and space required would differ greatly m 
clinics of varying size the fact remains that 
the general pattern is identical and that certain 
fundamental pieces and types of apparatus arc 
imperative in any clinic As previously in 
timated the mutual advantages accruing to 
all from the utilization of space in an approved 
general hospital will effect economies of per 
sonncl and equipment uncqualed by any 
other plan Aside from the space required for 

sufficient number of separate dressing and 
examining rooms or cubicles waiting rooms 
offices or consultation rooms file space treat 
menl rooms etc such instiiutions provide the 
necessary diagnostic operative and treatment 
facilities not easily found elsewhere All ncces 
Wrv instruments for endoscopic examination 
of the rectum esophagus bronchi bladder 


and female pelvis as well as biopsy and 
electrosurgical instruments must be available 
An old adage frequently quoted at cancer 
symposia to the effect that one of the greatest 
crimes in modern medicine is the rusting 
speculum buried m doctors desks is not with 
out an unfortunate element of truth 

All diagnostic facilities of the laboratory 
should be made available to the clinic through 
the pathologist m attendance and rapid smear 
technics and frozen sections should be resorted 
to if indicated 

Effective treatment of cancer cases requires 
that the department of radiotherapy should 
be equipped to develop high voltage x ray 
therapy and that it should have at its disposal 
an adequate supply of radium A discussion of 
equipment for high voltage x ray therapy not 
infrequently becomes controversial and rec 
ommendations should always be sought from 
competent radiologic authorities Present ac 
cepted standards require therapy apparatus 
with a minimum peak strength of 200 kv It is 
also desirable that 150 to 200 mg of radium in 
suitable applicators be available Needles 
plaques an Ernst applicator and a culposcope 
are essential If at first the clinic lacks funds to 
purchase a useful amount of radium it can be 
rented or obtained from well recognized 
sources Similarly an appropriate amount of 
radon may be obtained when required It is 
reasonable to assume that the use of radio 
active isotopes by any physician should be 
carefully monitored by the radiologic depart 
menl or by a physicist if the institution affords 
such an individual To obtain isotopes for 
diagnosis or therapy the Atomic Energy 
Commission requires specific training and cer 
tification of the individual using such sub 
stances Chemotherapeutic substances may 
frequently be given patients by uninformed or 
untrained individuals and in the light of their 
profound toxicity perhaps it is logical to 
assume that the therapeutic use of such 
substances should be under the analytic eve 
of the division of internal medicine and the 
laboratory 

With no idea of disturbing the organized 
unit record ssstem withm the hospital it is 
nevertheless highly desirable and now more 
or less mandatory that a separate filing system 
be provided for the case histones of cancer 
patients attending the clinic These should be 
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m Ihe quarters occupied by the chnic or the 
office o! the secretary of the clmic Every 
patient should receive a clinic number nnd 
should be cross indexed so that he may easily 
be located by name number yearly group 
diagnosis, and regional incidence of disease 
The minimum requirement for the approval 
of an) cancer program now makes U mandi 
tory that a properly functioning Cancer Regis 
try be in operation that records every patient 
private and public inpatient and outpatient, 
upon whom the diagnosis of cancer is cstab 
lished In fact this may be the only formal 
cancer activity conducted by a hospital This 
Registry must contain adequate identifying 
and diagnostic information with a basic ab- 
stract of the clinical record and an annual 
follow up note for as long as the patient rc 
mams alive From this base the content may 
be elaborated as far as those conducting the 
registry desire Patients admitted directly to 
the hospital and seen later m the clinic should 
have summaries of their hospital records m 
the clinic file The five elements that may be 
considered basic for an acceptable record sys 
tern for cancer dimes or cancer diagnostic 
clinics are (n) the cancer registry (b) clinical 
record (c) patient index ((/) foilosv up con 
trol file and (e) diagnostic index and code 
In studying the organization of cancer 
clmics throughout the country the most glar 
mg deficiency has been a consistent lack of 
uniformity and adequacy of the records Nalu 
rally this varied according to the interest 
personnel teaching affiliation and economic 
status of the clmic involved For thirty years 
the American College of Surgeons has stressed 
the necessity of keeping adequate records in 
cancer clinics Yet in spite of that insistence 
and all that has been done to demonstrate Ihe 
practical value of such records as recently as 
1950 it was only with the greatest difficulty 
that the College through its thousands of Fel 
lows and hundreds of associated clinics was 
able to collect for its files a meager forty five 
thousand completely authenticated and well 
recorded cases of five year survivals Admit 
ting that this phenomenon does not entirely 
reflect the perfection of the various clmics 
involved it is nevertheless a sad commentary 
on available records in cancer clinics in 
general One of the most outstanding accom 
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plishmcnts m the annals of modern cancer 
recording is that of the doctors of Connecticut 
m conjunction with the State Departm-nt of 
Health ably reported by Eleanor Macdonald 
During our association with the work of the 
College it became apparent that the abstract 
record forms evolved by the Committee on 
the Treatment of Malignant Disease (now 
the Cancer Committee) were not generally in 
use and only occasionally were even bein| 
copied or used as a model by local groups 
In an endeavor again to emphasize the dire 
necessity of correcting various deficiencies m 
cancer clinic record systems Schaefer wrote 
an outline of an acceptable record system 
which, though not gaud) certainly is utilitar 
lan The opening paragraph should be promi 
ncntly displayed in every cancer clinic snd 
every record room in the country 

At a time when so many vofuntecr health agenc'W 
contribute to the support of cancer clinics and to 
the welfare of patients with that disease and 
when in so many states cancer is s rewrtofie 
disease it becomes increasingly desirable anil 
necessary that hospital records of cancer cases 
contain information necessary for critical analvsis 
as to classification therapeutic measures atio 
end results Accurate complete records are un 
peratjve in any study of etiology pathology sno 
methods of treatment Furthermore dinereot 
types of malignant disease require 
emphasis on various phases of record taking 
some special effort at standardization of _ 
IS important and is the responsibility of the s 
of the cancer clinic 

Recently the statisticians of the Division 
of Cancer Control of the National Cancer 
Institute using comprehensive report foems 
developed there ran pilot experiments m a 
few states where cancer is a reportable disease 
Although somewhat cumbersome these forms 
are entirely adequate and susceptible of bein^ 
easily filled out by any intelligent secretaris 
or clerical help When returned to a Sta e 
Department of Health or some central pom 
much exhaustive information is easily tmns 
ferred to punch card systems which met o 
ology wdl jn time produce accurate curren 
and representative data concerning types 
trends and treatment of cancer m the popm^ 
tion of the area surveyed The most recen 
compilation of statistical results by 
Cutler and their associates in Public Hea 

Monograph No 29 Morbidity from Cancerin 
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the United Slates [21] is a fitting monument to 
the validity of this theory so long embraced by 
the American College of Surgeons as well 
as to the foresight capacity and industry of 
the National Cancer Institute at Bethesda 
When this l)pe of procedure becomes avail 
able, on a national basis then and only then 
will those devoting themselves to therapy and 
research be able to discover heretofore 
obscure trends and adduce other tnformation 
that may prove to be of inestimable value m 
solving the riddles of etiology and cure 
The follow up of patients is an essential 
dut) of any modern progressive hospital or 
clinic and is the only method by which an 
adequate evaluation of therapeutic methods 
can be determined accurate statistics com 
piled and our responsibility for the continued 
welfare of the patient be completely fulfilled 
It IS now generally accepted that every cancer 
patient should be periodically followed up for 
life It IS also generally agreed that all cancer 
patients should be re examined at least every 
three months for the first year or two scmi 
annuallj at least for the next )ear and annu 
allv thereafter For maximum efficiency in 
follow up there must be sjstcmatized cfTort 
which depends upon co operation between the 
sccrciar) and the social service worker or the 
agency assisting in the fic’d Every patient 
should have an appointment card on which 
the date of each future visit is recorded as 
well as in an appointment book in the cimic 
The chart or index card of each patKOt who 
fails to return ma) immediate!) be flagccd h) 
a suitable dtlachablc marker and the in 
dividual notified by mail of the next date at 
which he may be seen For this purpose a 
form letter is timesavmg but it should be 
tactfully vsorded reminding him of his failure 
to appear and impressing upon him the im 
porlancc of periodic examinations Personal 
letters howcscr are more effective thm the 
Usual form lellcrs If there is no response to 
this rcmindtr ahomevisubv i social service 
'voikcr IS most effective otherwise informa 
tion ma\ be obtained from priv iit plivsiciins 
rclatises or friends Tor this purpose tl is 
advisable to rccoril the nimts of tsss' triends 
3' Well as the nt ircst hIuim. m ihe sskiiI 
ilata obtained at the lirsi vi it Iiiformilion 
ua imiraccd cases mu « it n bs 1 1 tamed 


from such other sources as an insurance 
company telephone company employer town 
clerk or postmaster overseers of the poor or 
chantable organizations veterans organiza 
lions service clubs or the police district 
nurse or state department of vital statistics 
Effeettveness of follow up is limited only by 
the ingenuity and perseverance of the person 
handling it provided adequate funds arc 
available Many cancer clinics with a Wtll 
organized system are able to follow 95 per 
cent or more of all cases admitted even in 
large cities In smaller communities the task 
IS considerably less difficult Channing Sim 
mons (78) m a terse but comprehensive paper 
points out that the chief requisite of a good 
follow up system is the record of 

1 The Christian name of both husband 
and wife 

2 The addresses of two fnends— one of 
whom IS a man not a relative who has a 
permanent address 

3 The names and addresses of the cm 
ploycrs of both the man and wife or son 
or daughter 

4 The telephone numbers of as many of 
the above as have telephones 

5 The name and address of the physician 
referring the patient 

6 The name of the insurance company m 
which the patients life is insured 

7 (And in this dav ones Blue Cross Blue 
Shield number ) 

8 (And the inevitable Social Security 
number ) 

Wt would be less than realistic if we 
faded to emphasize the ever increasing ncccs 
sity for physicians to obtain the fullest know) 
edge of and mainlam a cordial and forthright 
co-opcralion with the manv social agencies 
matcrnllv afTecimg all phases of the cancer 
slorv m our counlA lodav One of the best 
considered most practical and beautifulh 
presented cfTorts outlining the field of cancer 
control IS n Manuil For Public Health Of 
li ers prepiredbv Herman F Hilicbesc Com 
missioncr of He dth of the Slate of New S ork 
ind hts issiHrntes 14l»l Here one cm find 
det'idcd inform ition concernini. a cancer 
tonifol progr im professional md lav educ i 
imn n c lindinc records and rcportin" pre 
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vention 'vnd cancer services An extensive 
bibliography on cincer care services lists 
sixteen official agencies at Federal state, and 
local levels including the voluntary health 
organizations and professional societies Even 
if adequately endowed it is highly improb 
able that a cancer clinic can Jong survive on 
an autonomic basis Or assuming that fortui 
tous circumstances make for financial inde 
pendence it is highly improbable that even 
that will make it possible for such a clinic 
best to serve the interests of any considerable 
number of cancer patients unless some well 
concened and carefully executed pjan is 
developed utilizing all available resources of 
the community 

Through the expenditure of millions of 
dollars the public campaigns of the voluntary 
health agencies have stressed education scr 
vice and research to the extent that the 
majority of the reading public is distinctly 
cancer conscious Important as lay education 
may be there is little use m arousing public 
interest in cancer if organized cancer facilities 
for diagnosis and treatment are not available 
and if the profession m general remains 
apathetic toward its responsibility and the op 
portunities thus offered 

To accomplish these ends and to establish 
and maintain professional control and scientific 
direction of cancer programs withm specifi 
cally defined geographic areas it might logi 
cally follow that in such zones the Cancer 
Committee of the State Medical Society or 
a State Cancer Co ordinating Committee or 
even a Regional Cancer Committee of the 
American College of Surgeons might assume 
the role of cancer co ordinator extraordinary 
for that State Under such a plan a central 
committee might be formed composed of rep 
resentatives of the medical profession and 
various voluntary health organizations and the 
State Department of Health Such a committee 
might act as the legislative division of the 
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State cancer control program while the ex 
ccutivc functions would logically remain with 
the cancer clinics and other programs and 
agencies involved This composite, policy 
forming body could exert its influence on the 
proper organization and conduct of cancer 
facilities throughout the state As a quasi 
comptroller of funds to be expended for 
cancer control within the state it might serve 
as arbiter of expenditures for lay and pro- 
fessional education research and service 
thus saving many dollars and much duphea 
lion of effort It might lend its strength and 
expcnencc to vitalizing Jagging co ordination 
of cancer teaching at either undergraduate or 
postgraduate levels and as part of its educa 
lional responsibility should organize symposia 
‘cancer days refresher courses, and sinular 
teaching exercises provide a speakers panel 
make available moving pictures and other 
audio-visual aids and assist in providing and 
maintaining libraries on cancer in the larger 
teaching hospitals Such a body could be of 
inestimable value to the voluntary agencies in 
providing material for and assisting vith 
their public campaigns for funds Seldom can 
any other single agency develop statewide 
uniformity of records or as effectively 
on legislative action to make cancer a report 
able disease 

The fundamentals of this plan of complete 
CO ordination of all cancer organizations ac 
facilities are already operating effectively m 
many regions Their success presupposes an 
entente cordial the fullest confidence an 
objective viewpoint and a sincerely altruistic 
purpose — that of improving the diagnosis an 
treatment of cancer and alleviating the 
mg of its victims With that in mind l 
suggestions will work m any state ^ 
Union and m that day will accomphs o 
the field of cancer control what the antibio ' 
have in the area of infectious disease 
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The high order of curability of the most 
common cancers under optimal conditions of 
carl) diagnosis and adequate treatment in 
dicalcs that improved control of the disease 
lies to a substantial degree in earlier diagno 
Sis 

An endeavor to achieve early diagnosis has 
been undertaken in the United States since 
1913 through a program of public education 
which with increasing vigor has sought to 
inform la) men generally of the early signs 
and s)mptoms of cancer and of the impor 
tance of prompt medical consultation An 
improNcd understanding of the natural history 
of cancer made it cleat that early as 
measured by the onset of signs and symptoms 
Was not necessarily early as measured bio 
locicall) It then seemed expedient to attempt 
the detection of cancer in its subclinical or 
'ilcnt phase that is in presumably healthy 
persons From this concept the cancer dctcc 
tion center has emerged as a clime where 
apparently well persons may be examined with 
special emphasis on the mdentiricatiun of 
'uhchntcal cancer and of prccanccrous slates 
The place the cancer detection program 
holds in the entire cancer control program 
mas be conceplualircd m Figure 3 I In this 
chan the natural histors of cancer is indi 
oated along the horizontal axis as the chron 
o'ogical desclopmcnt of a cancer from a 
'mclc cell throuch a nonmsasisc stace an 
lasasisc state followed by k>ca1 spread and 
f'entiialls to reeional Isniph node insolsc 
mcni distant mclastascs and flnalls wiJi. 
'pfead mctastascs Althoiich the hmloctcil 
•‘me indicated in the chart i> taiils rccultr 
•b's IS an incrMmplirii.aiii>n is sc know Dial 
•he chfisni ’o», al lime inteisaU I'eissccn Msme 


of the adjacent stages is sometimes close to 
2 cro and sometimes sescral years depending 
on the growth characteristics of the individual 
tumor In fact we have only the most meager 
information about the average time interval 
between these successive stages The hope 
of cure in terms of percentage is plotted along 
the vertical axis and drops from a theoretical 
figure in the neighborhood of 100 per cent at 
the single cell stage to the neighborhood of 
0 per cent with widespread mctastascs 

Every aspect of the cancer control program 
has as one of its aims the detection of cancer 
farther and farther to the left that is earlier 
on the biologic time axis 

HISTORIC BACKGROUND 

In 1740 Vachcr [4] reported the attempt 
of a prophetic French physician to promote 
a program for the detection of breast cancer 
staling 

Suddenly in 1734 the whole female population 
of Bevancon was osercome by a fear that they 
were sufTcrinp from cancer of the breast or micht 
be so alTecIed in the future This followed a stir 
peons suppeMion to the women of that citv that 
they examine their breasts for lumps The sequel 
to this announcement was that all women exam 
tnctl their breasts so often and so Inni. and 
squeezed them so much that a certain number 
reath desclopcd lumps whuh were subsequently 
speedily rcmincd with the greatest success by ihc 
surgeon 

In 1922 a number of tcmptsrarv clinics 
were set up m Itnnsvlvann durinc the sseck 
of the annual fund raisinc campaign of the 
American Canter Socictv the purpose of 
which was to examine all comers spccificalh 
ii r tinccr RcluMt results were reported 
fri m sesen of these tlinics b*>f, pers^ ns were 
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primarily for cancer this marked the opening 
of the first cancer detection facility The fol 
lowing year Dr Catherine Macfarlane of 
the Women s Medical College and Hospital of 
Philadelphia undertook the periodic examina 
tion of 1000 apparently healthy women for 
the special purpose of uncovering unsuspected 
neoplasms of the pelvis and breast as the first 
step m a long range effort to detect the first 
evidences of cancer m these sites 
By 1945 the number of cancer detection 
programs had grown to the point where it 
seemed advisable to formulate standards of 
operation and a system of approval similar to 
those provided to Cancer Clinics by the 
Amencan College of Surgeons for the en 
couraging of high levels of professional per 
formance In 1946 the American College of 
Surgeons agreed at the suggestion of the 
American Cancer Society to draw up such 
standards to undertake periodic inspection 
of the centers known to be m operation and 
to publish annually a list of centers approved • 


The tninlmuin standard for enneer detection 
centers [2] prepared by the Collece stated 
1 Orpani attoit A specific plan for the organlsa 
tion and conduct of the center shall be approved 
py the County Medical Society before the project 
»t effectUe and the Soeiet> shall appoint a 
. « ~ ^'tvl^ory Committee for guidance of the 
Stan The detection center shall be conducted !n a 
ho pltal approved by the American College of 
burgeon or In the outpitlent department of on 
medical school or under conditions per 
mittlng compliance with the other features of this 
tandard The medical staff shall adopt rules 
regulations and policies goterning the profes 
lonal work of the center and shall re%Ie« and 
anaijig their clinical experience at regular Inter 
11 odditlon to the medical slaff which 
*‘'111 Include representatives of the various 
nrnnehes of the medical profes ion a secretiry 
nur e -ind medical social worker shall be avail 
‘‘II the purposes of the center 

•Eijtiipwcjif The equipment *41111 l*e adequate 
^^°"’I’lete physical examination 
3 ^atteufs All applicants avllhln specified geo 
Brapnic limits shill be admitted except those who 
ire already under treatment. Some detection cen 
ers may be restricted to males and others to fe 
nnles 

^ There hall be maintained adequate 

records of examinees which vhall Include 
occupation history physlcxl 
minations with indicated 1 iboratory exnmina 
tuns summary and dlsimsltlon of such i crons 
I ^'’Posilioit of I xaininecs I er ons who re 

I It**' dligno tic procedures th in are fur 

ii.it' \ center or for wh in tr atm nt is 

, } i-hall be nferred b ick to Ih Ir phy 1 

, If Itiej have no physiol in they Mi ill I 

I I ‘ f 1 hjsl Ians clinlt t r ho i il il from 
« men choice miy be male ind to whi h th fln I 

^ Shan b film »1 cd Tlie 1 u ti n 

1 o . from the pin I i n clinic or 

' I U il a record of fin il dl igii N ir nl n 1 1 1 1 I 
I' ' Jrii. It 1 nt 
' "c Ihj lent exnmlnatl n i tndi I I 


Today there are some 250 cancer detection 
centers operating m the United States They 
examine several thousand persons each week 
They vary widely m methods of operation 
The oldest of the centers has passed its nine 
teenth anniversary most of them however 
have been operating for about 9 years 


THE PURPOSES OP THE CANCER 
DETECTION CENTER 

The primary purposes of the Cancer Detec 
tion Center were originally twofold 

1 To find cancer earlier than it would 
otherwise be detected that is as a case finding 
technic This includes also the preventive 
aspects that is the detection of precancerous 
conditions (Figures 3 2 and 3 3) 



Fig 3 2 Cuiicers found in detection center examina 
tionv by t te (From Detection Center Survey Report 
Amencan Cancer Society 1?4?) 


2 As an educational device to leach people 
Ihc value of periodic physical examinations 
The other benefits of the Cancer Detection 
Center include 

3 The educational value to the medical 
profession in demonstrating the desirability 
of the periodic examination and the extent 
of examination offering maximum returns 
This applies both to the medical student and 
to the praclicing physician 

4 The research value of h ivinc a group of 
ipparcniU well persons on whom to test 
vinous screening procedures md diagnostic 

f ! fn X iitril utl n <f ft iqifclllc 1 t>uin of 

m n 1 t s ir 1 xp ii of il e c nltr ctnll l o re 

qulr I f ♦•X nlni- wlio nro iil !•« lo pxy 
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devices for the detection of cancer 

5 The value accruing to the health of the 
community through the discovery of many 
conditions unrelated to cancer that can be 
treated with varying degrees of benefit 



Fig 3 3 Cancan found in datecfian eantar examma 
hens are shown by Site and sax (From Coneai Dalac 
hen Survey Raporf American Cancer Secialy 1949) 


THE OPERATION OF CANCER 
DETECTION CENTERS 

Selection of Examinees 
By definition the Cancer Detection Center 
IS intended for the examination of svmptom 
free persons only Obviously the term symp 
tom free is relative and has meaning onlv 
m terms of the degree to which the prospective 
examinee is interrogated prior to being ac 
cepted 4S a client In one study [IJ in which 
prospective examinees were carefully ques 
tioned as to whether or not they manifested 
any of the danger signals of cancer and 
accepted only if they did not show these symp 
foms but referred to their physician or to a 
diagnostic clinic if they did an analysis was 
made of a follow up of both groups In the 
symptom free group the cancer rate was 3 5 
per 1000 In the group with one or more 
danger signals the rate was 65 7 per 1000 
Another problem stems from the fact that 
women outnumber men m the ratio of 3 to 1 
among applicants for a cancer detection ex 
amination This is partly because roost centers 
operate during the daytime when it is more 
convenient for women than for men In those 
places where the center operates dunog even 


ing hours the discrepancy between the sexes 
IS not as marked 

From the point of view of case finding 
the older age groups are much more produc 
tive than the younger age groups Table 3 1 
summarizes the experience in 125 different 
centers based on examination of over 50000 
persons [31 It may be seen that the posiUve 
findings rise from a low point of 1 2 cases of 
cancer per 1000 among those under thirty 
to a high of 29 3 per 1000 for those ayed 
sixty and over It should be noted however 
that it IS only with respect to cancer case 
finding that it is desirable to restrict examma 
lions to those in the highest age groups For 
educational purposes or for research purposes 
the younger age groups may be as important 
as or even more important than the older 
age groups 

The Extent of the Examination 

The physical examinations may be sura 
manzed m the three types listed with their 
component parts in Table 3 2 the comply® 
examination the intermediate examination 
and the streamlined or limited examination 
In a consideration of the components of the 
examination to be performed in a cancer 
detection center no mention is made of other 
commonly employed features of a physical 
examination such as auscultation of chest and 
heart determination of blood pressure reflex 
testing serodiagnostic tests etc Obviously the 
extent of the examination depends on what 
the examiner is trying to find — or to eliminate 
If the purpose of the examiner is to find any 
and all departures from normal then con 
siderations of time cost and availability c 
technical personnel limit its application te 
relatively few further such additional proce 
dures have little or no bearing on cancer 
the purpose of the examination is to indoctn 
nate the examinee as to what a thoroug 
cancer detection survey should be as a * 
step m establishing the habit of penodic physi 
cal examinations then the complete 
tion IS offered The same holds when 
objective is to demonstrate the value of cance 
case finding methods to medical students an 
practitioners , 

IE the objective is to detect as much can 
as possible in a population then the exten 
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TABLE 3 1 — Summary of Proved Cancers Clients Examined and Rates per 1000 
BY Ace and Sex tor 125 Cancer Detection Centers 



Males 


Females 


Total 


Age 

Proved Ca 

Ao Clients 

Rate 

per 

1000 


Proxed Ca 
No Clients 

Rale 

per 

1000 

Pro\ed Ca 
No Clients 

Rate 

per 

1000 

Under 30 

2 

1 3 


6 

1 1 

8 

1 2 


1551 



5339 


6890 


30-39 

10 

27 


27 

2 I 

37 

22 


3763 



12981 


16744 


4(M9 

10 

28 


56 

49 

66 

44 


3583 



11402 


14985 


50-59 

29 

13 8 


75 

11 0 

104 

11 6 


2101 



6846 


8947 


60 i over 

58 

46 6 


64 

21 9 

122 

29 3 


1245 



2917 


4162 


All A^es 

121* 

99 


24<t 

62 

4061 

78 


12243 



39485 


51728 


liictuden K male cn«ea with Age not stAted 
t Includes 1 female cases with ase not stated 

t Includes the 13 mAle and 17 female ca^es with are not stated and tO 
not alataH 

additional cases with 

ex not 


TABLE 3 2 — Recommended Extent of Examination To Be Employed in Cancer Detection 
Centers at Three Different Levels of Completeness 

Complete 

Intermediate 

Limited 

Skin 

Skin 

Skin 

Lip 

Lip 

Lip 

Intraoral 

Intiaonl 

Intraoral 

Nose throat (brjnx) 

Breast 

Breast 

Breast 

Abdomen 

Pelvis 

Abdomen 

Lymph node bearing regions 

Rectum 

^mph node bearing regions 

Pelvis 

Chest film 

PelMs 

Rectum 


B«tum Sigmoid 

Urinalysis 


Chest film 

Gastrointestinal x ray studj 

Barium enema 

Urinaljsis 

CBC 

Chest film 
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the eximimtion is determined by a con 
sidcntion of (1) incidence m the vinous 
amtomic sites (2) time of professional and 
technical services necessary and (3) cost 
Under such circumstances attention is given 
to selected sites namely those that arc 
frequent cancer loci examinable with case 
and at low cost The limited examination pre 
sented m Table 3 2 appears to serve this 
objective 

Other Operational Problems 
THE MEDICAL HISTORY 

In approximate!) half of the detection 
centers in operation the medical history is 
taken by the medical examiner in the remain 
mg half It is taken by the nurse by a medical 
secretary and even in some instances by 
volunteers with special training If a complete 
examination is performed it is most desirable 
for the examiner to take the history In the 
briefer examinations a history taken by some 
one else and largely conhned to the restricted 
anatomic sites being examined may be a 
great timesaver for the physician With some 
restricted types of examination a simple check 
list filled out by the patient with the assistance 
of the nurse or secretary if necessary has 
proved useful in pointing up the areas to be 
emphasized The forms to be used must be 
simple preferably of the check list type 

THE BIOPSY 

Whether or not it is proper for a biopsy to 
be taken at a detection center has been the 
subject of some controversy Many feel that 
the takmg of a biopsy constitutes the definitive 
diagnostic procedure that belongs primarily 
in the hands of the physician who is to carry 
through and be responsible for the treatment 
of the pdtient Others feel that il is absurd 
for the detection center examination to iden 
tify suspicious areas to the point of recom 
mending a biopsy and not have the authority 
to perform the biopsy and establish the 
diagnosis of a suspicious lesion As in so 
many other problems arising in the operation 
of a defection center the answer depends 
on the needs of the community in which the 
center is located and is best determined by the 
local medical society A compromise is to 
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have the detection center take biopsies if 
fxilurc to do so would be apt to result in 
undesirable delay 

REFERRAL 

Since the cancer detection center does not 
treat patients the problem arises as to the 
disposition of inform ition about a patieot 
collected by the center Normally a report 
IS sent to the examinees private phjsiciaa 
including both the findings and the recom 
mcndations of the center Sometimes the et 
amince has no personal physician m which 
case a system of referral determined by the 
local medical society is employed for example 
naming one or more physicians from an 
approved rotating list In the case of indigent 
patients referral is directly to a clinic or to 
a governmental health and welfare agenej 
responsible for treatment m such cases 

REPEAT EXAMINATIONS 

As an educational device the cancer detw 
tion center has the aim of developing m 
public the habit of periodic physical examma 
tions Since its capacity in terms of case load 
IS limited it IS difficult for the cent r to 
assume the responsibility for successive 
ammations of the same person If the imtia 
examination has been successful from 
educational point of view the examinee wi 
return to his personal physician for subsequen 
examinations Even from a case findmc poio 
of View repeat examinations arc less pro 
tive than initial examinations since the a e 
lend to uncover an accumulation of 
growing and treatable cancers that 
presumably been present for some time 

For research purposes carrying . 

sive examinations has a great deal of me ^ 
It must be recognized however that sue 
procedure tends to increase geometrical y 
the point at which no new patients 
accepted and the center becomes a ta j 
for the repeated examining of a fortuna e 
select few having no special claims o 
good fortune except that they were 
arrivals 

WAITING LISTS 

One of the unfortunate aspects o 
cancer detection center is that imme i 
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upon Us establishment usually following a 
certain amount of publicity, there is a great 
demand for its use and a long waiting list 
develops Occasionally some misguided in 
dnidual with a serious symptom that has 
been hidden from the secretary making ap 
pointments will wait six months to a year for 
an appointment at a center when the con 
dition warrants an immediate diagnosis For 
this reason it is best not to allow a watting 
list to get too long At the same time it is 
imperative that the person handling requests 
for appointments be both tactful and per 
suasive about referring those with symptoms 
to more immediate sources of diagnosis 

FEES 

The actual cost of a single examination 
vanes from about $5 for a limited examina 
tion to S75-$I00 for reasonably complete 
examinations In many centers the examinee 
pjis cither all this cost or a large portion of 
It However It must be recognized that true 
cost figures for the operation of detection 
centers arc very difiicult to obtain since the 
reported figures reflect var)mg practices m 
accounting procedures more than they repre 
sent actual expenditures for the operation of 
the centers 

Organization 

heiation of the cancer detection 
center to medical practice 

Till, reasonable starting point in organizing 
a cancer detection center might be the 
'hnimum Standard formerly proposed by the 
American College of Surgeons it the request 
of the American Cancer Societj and repro- 
duced on page 26 Although the program of 
Uindardiz ition of the detection centers was 
discontinued h) the Collect in 1953 its 
rtinciplcs remain sound 

PERSONNEL 

I’hvsicnns nurses medical socnl workers 
t^hnicians seertt irics clerks telephone 
operators lahorators ck iners and j mitors 
required m numlwrs ipproprntc to the 
'olume of examinations Icrsonncl sines 
horn that of the smsll coninu nits center with 
phssKian isMsted b\ one nurse who is 
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responsible for records and follow up to that 
of the metropolitan center with as many as 
30 full time and 50 part time physicians and 
corresponding numbers of nurses technicians 
secretaries etc 

Medical personnel consists of a director of 
the center engaged full or part time in its 
administration and operation and its requisite 
number of examining physicians Qualifica 
tions of a director preferably include special 
interest and experience m clinical cancer The 
choice of his physician assistants will depend 
largely on the basic concept of the purpose of 
the center whether educational or case finding 
and contingent thereupon whether the ex 
amination is to be complete or limited Where 
reasonably thorough investigation of the 
patient site by site is the policy it is the 
practice of many centers to provide a staff of 
specialists each m charge of a cubicle or 
room through each of which every patient 
passes successively The variety of specialists 
to be represented will be determined often by 
their availability and also by the practical 
consideration of what each can hope to 
accomplish under the circumstances For ex 
ample m view of the elaborate nature of a 
complete urologic survey the urologists role 
would be limited to a simple examination of 
the external genitalia and the prostate func 
tions that can be assumed adequately by the 
surgeon examiner who will be examining 
the rectum digitally anyhow Similarly the 
infrequency of neoplasms of the nervous 
system render the services of a neurologist im 
practical Where specialists arc responsible 
for the cxaminalton of each patient those 
most frequently designated are internists 
surgeons gynecologists dermatologists and 
oiorhinolaryngologists Where a less exten 
stvc examination is the policy a similar staff 
of specialists may be utilized allhouch it is 
more common to rely on general practitioners 
qualified to execute the dtsignated procedures 
In the latter case it is usual for the entire 
examination to be performed in one room 
or cubicle bv a sincle cxamininc doctor who 
nia\ ciH for consiillalion with an aliendini: 
specialist when abnormal lindincs are cn 
countered WTicn the center is housed in or 
near a medical scIutoI it nn\ he cfTcctisclv 
used for Irichini; phssical Uiaenosis Irj re 
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turn the medical students after being prop 
criy trained can assist m the routine of 
examination under close supervision 

Nurses m suitable number are recruited 
from the outpatient clinic of the hospital m 
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cally to refuse patients with symptoms and 
to refer them to the proper source of medical 
service Clinic aides to perform such duties as 
routing patients instructing them as to disrob- 
ing changing linen and writing charge and 



Fig 3 4 Floor plan tor <an<er d«i«<tion conler (Adapted from Strong Concor Pftwittie" 
Clinic Momonol Centor for Concor end AHiod Ditoos**) 


which the center operates and when size and 
work load suggest it a nursing supervisor 
should be designated For interchangeability 
according to changes in work load each nurse 
should be trained to competence m alt posi 
tions m the center When centers are set up 
m facilities other than hospitals as in health 
centers or mobile units public health nurses 
may be engaged A nurse should be assigned 
responsibility for the collection of all labora 
tory specimens and for their delivery to the 
proper laboratory section 

Follow up of patients with positive or suspi 
Clous findings is clearly of importance and 
since such patients are without complaints 
and symptoms such follow up often calls for 
tact persuasiveness and persistence if jt is to 
be effective Medical social workers and public 
health nurses are the logical choices for this 
assignment although the initial (mail) efforts 
may be the responsibility of the center s 
secretary 

Receptionists and telephone interviewers 
must be courteous and resourceful have a 
thorough understanding of the policies and 
functions of the center and be able diplomati 


appointment slips arc sometimes 
local units of the American Cancer So f 
as part of their volunteer services t 
cancer patients often make enthusiastic 
teers or employees . „ 

While nurses social service workers la 

tory technicians secretaries and . 

mg employees are paid for their servi 
prevailing salary rates and on an ; 
weekly basis there is not uniform opin 
to whether the staff doctors should be 
In some centers the physicians 
held to be the equivalent of his service 
familiar outpatient department or ^ 
he receives no compensatmn 
perience and distinction Others / .„(er 
that the doctor s service to the detectio 
IS m addition to his traditional ro e ° 
for the sick and that man) examinees c 
the center s services can well jjnie 

for them reimburse physicians for 
at an hourly rate or as is commone 
basis of a fixed fee per session hisiofy 

Rooms for reception of examinees 
taking physical examination -cor 

etc should be laid out so as to minim 
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fusion from backtracking the flow of ex 
ammees The accompanying floor plan Figure 
34 adapted from the Strang Cancer Proven 
tion Clinic New York City is adequate for 
over one hundred examinations a day Several 
state organizations have mobile units for use 
in rural communities 
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of physiologic measurements for comparison 
v-ith cancer patients They arc closer to the 
age group of cancer patients than are most 
control groups and at the same time arc not 
suffenng from the severe illnesses encountered 
when a control group is selected from hospital 
patients 


TABLE 3 3 — Suggfsted Equipment roa Detection Centers According to 
Extent or the Examination 


Complete 
Magnifying glass 
Ceniimeter rule 
Fcneslrated longue retractor 
Laryngeal mirrors 
Naval specula 
Head mirror or lamp 
Transilluminating light 
Vaginal specula 
Bulb suction pipette 
Sigmoidoscope 
Dressing forceps 


Intermediate Liiniled 


Magnifying glass 
Ceniimeter rule 
Fenestrated tongue retractor 
Head mirror or lamp 
Vaginal specula 
Bulb suction pipeile 
Sigmoidoscope 
Dressing forceps 


Magnifying glass 
Centimeter rule 
Head mirror or bmp 
Vaginal specula 
Bulb suction pipette 
Sigmoidoscope 
Dressing forceps 


Equipment includes the usual furniture for 
examining rooms and ofUccs including type 
"ritcrs flics stationery and record forms 
The suggested lists of portable equipment 
Items (Table 3 3) arc considered minima! 
for ihc three types of examination — complete 
iniermediaic and limited — and include only 
Items actually employed b\ the examining 
phvsician and the nurse omitting those rc 
quired m laboratorv and x rav phases of Ihc 
examination 

Records should be as simple as is consistent 
v-ith obtaining all desirable data Record 
blanks should he so devised that statistically 
Valuable data mav he derived and classified 
teadilv 

research potentialities of the 

DETECTION CENTER 

Ihc pcrv'ns who come lo a canter dticttton 
ecalcr provide nn excellent croup the I ims 
‘ f which nomu mav be obluncd tn j v iiuiv 


Screening Tests 

A screening test for cancer may be defined 
as any simple inexpensive procedure that may 
be used to rule out the possibility of cancer 
in a large portion of the cancer free popula 
non without at the same time ruling it out in 
very many persons who do have cancer 
Whether such a test that would be sensitive 
to most forms of cancer is theoretically pos 
sibic IS open to question A number of blood 
tests have been proposed but thus far none 
has been proved to meet the neccssarv require 
ments for practical usefulness 

A more promisme approach appears to be 
the use of a varictv of screening procedures 
that arc site specific Most prominent among 
these IS the examination of various hodv exu 
dates and secretions bv cvtologtc mclhodv 
In addition Icstmg for occult hlinsd in the 
stixsl or urine gastric analvsis for achlothv 
dfia and the less expensive forms of x rav 
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examination such as chest microRlnas and 
gastric photo fluoroscopy arc valuable m 
indicating when more thorough examination 
may be profitable 

The Study of the Aging Process 

Since 1900 the proportion of the popula 
tion over the age of torty for example has 
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increased by 50 per cent Certainly the study 
of the changes that take place both in health 
and m disease in a group of cancer detection 
examinees should add much to our knowledoe 
of gernlncs 



CHAPTER 4 


Organization of a Program for Home Care of 
the Cancer Patient 


Morfm Cherkasky 
and 

Abraham Oppenheim 


The steady increase m the life span and 
agin^ of the population has been paralleled 
by an increase in the incidence of chronic 
diseases including cancer This has made 
crucial today the problem of maintaining com 
munity resources adequate to meet the grow 
mg demands and requirements of the chroni 
caWy ill 

The problem is too vast to be solved by 
steadily increasing the number of hospital 
beds 

On the basis of such considerations Monte 
fiorc Hospital New York City m 1947 began 
a home care program for patients with long 
term illness of whom a significant number 
have been cancer patients 


The planning and developing of the Monte 
fiore program was based on the concept of 
total therapy of which medical therapy 
forms but a part 

In a program for the total care of the 
cancer patient we must (1) bring to the 
patient the best available scientific medical 
treatment that the illness demands (2) take 
into account that the patient is a social being 
whose relationships to his family and society 
may be severely disrupted by this illness (3) 
meet these multiple needs of the patient by 
providing several health workers functioning 
as a team This is necessary whether the 
program of medical care is provided on an 
in patient outpatient or in the home basis 
(see Figure 4 1) 
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examination such as chest microfilms and 
gastric photo fluoroscop) are vahnbic in 
mdicaling when more thorough cxammntion 
imy be profitable 

The Study of the Aging Process 
Since 1900 the proportion of the popula 
tion over the age of fort) for example has 
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increased by 50 per cent Certainly, ihestuiJ/ 
of the changes that take place both in health 
and in disease m a group of cancer deteciioQ 
examinees should add much to our knowled-’e 
of geriatrics 
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Organization of a Program for Home Care of 
the Cancer Patient 


Marhn Cherkask/ 
and 

Abraham Oppenheim 


The steady increase in the life span and 
aging of the population has been paralleled 
by an increase m the incidence of chronic 
diseases including cancer This has made 
crucial today the problem of maintaining com 
munity resources adequate to meet the grow 
ing demands and requirements of the chroni 
cally ill 

The problem is too vast to be solved by 
steadily increasing the number of hospital 
beds 

On the basis of such considerations Monte 
fiore Hospital New York City in 1947 began 
a home care program for patients with long 
term illness of whom a significant number 
have been cancer patients 


The planning and developing of the Monte 
fiore program was based on the concept of 
total therapy of which medical therapy 
forms but a part 

In a program for the total care of the 
cancer patient we must (1) bring to the 
patient the best available scientific medical 
treatment that the illness demands (2) take 
into account that the patient is a social being 
whose relationships to his family and society 
may be severely disrupted by this illness (3) 
meet these multiple needs of the patient by 
providing several health workers functioning 
as a team This is necessary whether the 
program of medical care is provided on an 
in patient outpatient or in the home basis 
(see Figure 41) 
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SELECTION OF PATIENTS 
Before a hospitalized patient was accepted 
for home care both a medical and a social 
evaluation were made The former consisted 
of a thorough study of the patient and his 
record while m the hospital to determine 
whether his medical needs could be adequately 
met within the framework of the home Ex 
cept for patients who required major opera 
tions extensive radiotherapy major diagnostic 
work up and extensive nursing care there 
were verj few patients who medically could 
not adequately be cared for in the home 
after they had received their definitive therapy 
in the hospital 

After medical acceptance the social worker 
evaluates the patient An understanding of 
all factors may indicate that the patient 
will need considerable help if he is to be able 
to adjust to and be cared for at home For 
example The hospital is for the patient a 
relatively protected environment For the 
patient who has been hospitalized for a long 
time the thought of going home of leaving 
a situation m which he has gradually had to 
learn a totally new set of adjustments may be 
greeted with hesitance or reservation even if 
he wants to leave the hospital 

The social worker speaks with members of 
the family to determine primarily whether 
a family wants the patient at home The 
natural love of one member of the familly 
for another cannot be assumed since m many 
cases It unfortunately may be lacking A 
differentiation must be made between a family 
that does not want the patient and prefers 
him out of the way and in an institution and 
the family that hesitates to take the patient 
home because they think that some other place 
would be better for him and could care for 
him more adequately This latter family 
with guidance and understanding and with 
support and direction frequently turns out 
to be an excellent family unit and one m 
which home care can function most success 
fully 

Experience has taught that where the 
patient is medically quite suitable for home 
care but where the social situation is un 
favorable the patient cannot be adequately 
cared for in the home Also included m the 
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social cviluation is a survey of the physical 
facthlics m the home This is not important 
except when the physical setup is acluallj 
mimical to the health and welfare of the 
patient 

ADMINISTRATIVE STRUCTURE OF 
THE HOME CARE 

The Home Care Department is part of the 
Division of Social Medicine It is administered 
by a salaried physician who devotes his full 
time to the program Half of this physicians 
time is devoted to administrative problems 
and half to patient care There are three other 
internists each of whom devotes 15 hours a 
week to patient care This staff of our 
physicians is sufiicicnt to meet the needs o 
approximately 85 patients m the home 
Consultations arc provided on a feet 
service basis with the senior attending sta 
the hospital rendering these services Themw 
frequent specialties used are dentistry pa 
ogy radiology orthopedics and neurolojy 
The cancer patient is seen in the home y 
physician on an average of once eveiy 
days To meet the needs of an a\ erase 
of 85 patients requires m ® 

physicians noted above three full i 
workers one and a half j . half 

pists one physiotherapist “"Z* 
secretaries Housekeeping help is 
from venous sources and IS used an > 
average of between five fb. 

week Nursing care is ,htre 

Visiting Nurse Service of New 

the regular per visit fee IS paid O" ™ 

cancer patients have been seen 

a week by the nurse but m some mstanc 

nursing visit a day has been 590 000 

The total aanual budget “b-mt S’ 
and the mam areas m which this money 
expended are as follows 

Percent 

33 

Physician services 
Social workers occupational 
therapists physiotherapists 
secretarial help housekeep 
ing services 

Patient and employee traos 
portation drugs laboratory 
tests 
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Organization of a Program for Home Care of the Cancer Patient 


Medical equipment and am 

balance service 6 

Visiting Nurse Service 10 

Miscellaneous expenses and 
supplies 4 

100 

functioning of the program 

Within 24 hours after return to the home 
the patient is seen by a physician v.ho care 
fully re evaluates him medically to determine 
hovv often he needs to be visited on a regularly 
scheduled basts 

The following services are available to the 
patient m his home 

1 Medical Senice This is available around 
the clock seven da)s a week Specialists such 
as orthopedists ophthalmologists and sur 
gcons are available for the patient in his 
home Many medical procedures such as 
paracentesis and blood transfusions can 
readily be done m the home 

2 Nursing Senice The public health nurse 
IS an integral member of the team The Monte 
fiore Hospital Home Care Program has a 
contract wuh the Visiting Nurse Service of 
New York whereby they provide most of the 
nursing care m the home for patients m the 
program An increasingly substantial part of 
the nursing care is being provided by students 
from the Montefiore School of Practical Nurs 
ing for whom this field work has become 
an integral part of the teaching curriculum 
In addition ever) patient whether he requires 
nursing or not is seen at least once by a 
member of the visiting nurse staff This is in 
the nature of a nursing consultation The 
nurse ofTcrs primarily two types of service 
(u) direct bedside nursing (/>) what is prob 
ahl) much more important instruction of 
members of the famil) in the simple nursme 
technics that the average individual can master 
and that arc of inestimable benefit to the 
patient Members of the familv arc taught 
how to give baths how lo give hvpodermics 
how lo test urine and other similar proce 
durcs To facilitate and maint im a close work 
me relationship a pari time nurse co 
ordmator is part of the team C ontcrcnccs and 
discussions about the paticni uk*. place wccklv 


or more often and the doctor nurse and 
the social worker discuss the problems that 
face the patient 

3 Social Service The social worker who 
made the evaluation of the patient m the 
hospital continues to provide care for the 
patient m the home She continues to help 
both the patient and his family with the social 
and emotional problems arising out of the 
illness she assumes responsibility for referring 
the family when needed to a community 
agency and is generally concerned with any 
social problems that have an impact on the 
patients welfare The social worker with her 
training and understanding is able to guide the 
family through its initial difficult period to 
interpret to the family what the illness means 
in terms that they can understand to help with 
problems such as arranging for the wife to be 
able to go out and work or any other prob 
lems that have to be met to provide a better 
familv a better home life and a more suitable 
atmosphere for the care of the patient 

To meet all the needs of the patient other 
services are provided in addition to those of 
the doctor nurse and social worker who 
form the primary team 

4 Housekeeping Service Housekeeping 
service is provided 5 to 10 hours a week This 
IS often very helpful since manv of the patients 
who would otherwise hive to remain in the 
hospital can well be taken care of at home 
if there IS some one to help with the heavy 
housework 

5 Occitpalional Therapy This is provided 
by trained therapists working in conjunction 
with the doctors and others so that the 
activities are designed not only for recreational 
but for therapeutic value as well Recreational 
pursuits are an essential and integral part of 
anv program dealing with the long term sick 

6 Physical Therapy Working under the 
direction of phvsicians especially trained in 
physical medicine the therapist carries out 
many procedures in the home such as massage 
baking muscle rc-cducation and walking 
exercises The process of rchabihtalion is a 
continuous one and is directed toward cna 
bling the patient to make the best use of those 
facilities still remaining to him There arc 
some who feel that to attempt to rehabilitate 
a patient who is come to die from cancer is 
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Orgasizatios 


SELECTION OF PATIENTS 

Before a hospitalized patient was accepted 
for home care both a medical and a social 
evaluation were made The former consisted 
of a thorough study of the patient and his 
record while in the hospital to determine 
whether hts medical needs could be adequately 
met wiihm the framework of the home Ex 
cept for patients who required major opera 
tions extensive radiothcrapj, major diagnostic 
work up and extensive nursing care there 
were very few patients who medically could 
not idequatcly be cared for in the home 
alter they had received their definitive therapy 
in the hospital 

After medical acceptance the social worker 
evaluates the patient An understanding of 
all factors may indicate that the patient 
will need considerable help if he is to be able 
to adjust to and be cared for at home For 
example The hospital is for the patient a 
relatively protected environment For the 
patient who has been hospitalized for a long 
lime the thought of going home of leaving 
a situation in which he has gradually had to 
learn a totally new set of adjustments may be 
greeted with hesitance or reservation even if 
he wants to leave the hospital 

The social worker speaks with members of 
the family to determine primarily whether 
a family wants the patient at home The 
natural love of one member of the familly 
for another cannot be assumed since in many 
cases It unfortunately may be lacking A 
differentiation must be made between a family 
that does not want the patient and prefers 
him out of the way and m an institution and 
the family that hesitates to take the patient 
home because they think that some other place 
would be better for him and could care for 
him more adequately This latter family 
with guidance and understanding and with 
support and direction frequently turns out 
to be an excellent family unit and one jn 
which home care can function most success 
fully 

Experience has taught that where the 
patient is medically quite suitable for home 
care but where the social situation is un 
favorable the patient cannot be adequately 
cared for in the home Also included in the 


social evaluation is a survey of the phjsical 
facilities In the home This is not importanl 
except when the physical setup is aciuallj 
mimical to the health and welfare of the 
patient 

ADMINISTRATIVE STRUCTURE OF 
THE HOME CARE 

The Home Care Department is part of the 
Division of Social hfcdicinc It is administered 
by a salaried physician who devotes his full 
lime to the program Half of this physicians 
time is devoted to administrative problems 
and half to patient care There are three other 
internists each of whom devotes 15 hours i 
week to patient care This staff of four 
physicians is sufTicient to meet the needs o 
approximately 85 patients in the home 

Consultations arc provided on a feefor 
service basis with the senior attendme staft o 
the hospital rendenne these services Themes 
frequent specialties used arc dentistry ° 
ogy radiology, orthopedics and 
The cancer patient is seen m the home ) 
physician on an average of once every 
days To meet the needs of an average ce 
of 85 patients requires m addition to 
physicians noted above three 
workers one and a half occupatioaa 
pisis one physiotherapist and two an , 
secretaries Housekeeping help » ® ^ 
from various sources and is used o 
average of between live and “ ‘l,, 
week Nursing care is 
Visiting Nurse Service of New i 
the regular per visit fee is paid On t e a 
cancer patients have been seen a ° .gjj 
a week by the nurse but m some ins 
nursing visit a day has been require jjqq 

The total annual budget is y is 

and the mam areas in which this 
expended are as follows 


Physician services 
Social workers occupational 
therapists physiotherapists 
secretarial help housekeep 
ing services 

Patient and employee trans 
portation drugs laboratory 
tests 


Per Cent 
33 
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Organization of a Program for Home Care of the Cancer Patient 


Medical equipment and am 

bulance service 6 

Visiting Nurse Service 10 

Miscellaneous expenses and 
supplies 4 

100 

FUNCTIONING OF THE PROGRAM 
Within 24 hours after return to the home 
the patient is seen by a physician who care 
fully re evaluates him medically to determine 
how often he needs to be visited on a regularly 
scheduled basis 

The following services are available to the 
patient in his home 

1 Medical Sentce This is available around 
the clock seven days a week Specialists such 
as orthopedists ophthalmologists and sur 
geons are avathble for the patient m his 
home Many medical procedures such as 
paracentesis and blood transfusions can 
readily be done m the home 

2 Nursms Sentce The public health nurse 
IS an integral member of the team The Monte 
fiorc Hospital Home Care Program has a 
contract with the Visiting Nurse Service of 
New York whereby they provide most of the 
nursing care in the home for patients in the 
program An increasingly substantial part of 
the nursing care is being provided by students 
from the Montcfiore School of Practical Nurs 
ing for whom this field work has become 
an integral part of the teaching curriculum 
In addition every patient whether he requires 
nursing or not is seen at least once by a 
member of the visiting nurse stafT This is in 

nature of a nursing consultation The 
nurse offers primarily two types of service 
fo) direct bedside nursing (b) what is prob 
“bl) much more important instruction of 
mt-mbers of the family in the simple nursing 
technics that the average individual can master 
®ad that arc of inestimable benefit to the 
Patient Nfembers of the family arc taught 
how to give baths how to give hjpodcrmics 
I'ovv to test urine and other similar proct 
durev To facilitate and maintain a close work 
'ng relationship a part time nurse co 
s’ldinator is part of the team Conferences and 
discussions about the patient take place ssccklv 


or more often and the doctor nurse and 
the social worker discuss the problems that 
face the patient 

3 Social Sentce The social worker who 
made the evaluation of the patient m the 
hospital continues to provide care for the 
patient m the home She continues to help 
both the patient and his family with the social 
and emotional problems arising out of the 
illness she assumes responsibility for referring 
the family when needed to a community 
agency and is generally concerned with an) 
social problems that have an impact on the 
patients welfare The social worker with her 
training and understanding is able to guide the 
family through its initial difficult period to 
interpret to the family what the illness means 
in terms that they can understand to help W'lth 
problems such as arranging for the wife to be 
able to go out and work or anv other prob 
lems that have to be met to provide a better 
family a better home life and a more suitable 
atmosphere for the care of the patient 

To meet all the needs of the patient other 
services are provided m addition to those of 
the doctor nurse and social worker who 
form the primary team 

4 Housekeeping Service Housekeeping 
service is provided 5 to 10 hours a week This 
IS often very helpful since many of the patients 
who would otherwise have to remain m the 
hospital can well be taken care of at home 
if there is some one to help with the heavy 
housework 

5 Occtipaiional Therapy This is provided 
by trained therapists working m conjunction 
with the doctors and others so that the 
activities are designed not onl\ for recreational 
but for therapeutic value as well Recreational 
pursuits arc an essential and integral part of 
an) program dealing with the long term sick 

6 Plnsical Therapy Working under the 
direction of physicians cspcciall) trained in 
ph)sical medicine the therapist carries out 
many procedures in the home such as massage 
baking muscle reeducation and walking 
exercises The process of rchabililition is a 
continuous one and is directed toward cna 
bling the patient to make the best use of those 
facilities still remaining to him There are 
some who fee! that to attempt to rehabilitate 
•i patient who is going to die from cinccr is 
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a waste of money and effort This attitude of 
course is completely unacceptable to those 
who have devoted their lives to the care of 
people whether the prognosis is good or bad 

7 Medication and Equipment AH drugs 
and equipment are provided for the patient 
including needles syringes bedpans wheel 
chairs braces artificial limbs etc Of great 
help in maintaining a patient in the home is 
the availability of a hospital type of bed 

8 Laboratory Ser\ ices These are provided 
either by bringing specimens such as blood 
or urine to the hospital for analysis or by 
bringing the patient to the hospital if ncccs 
sary In the event that a patient at home 
requires a procedure such as extensive x ray 
senes that can only be carried out in the 
hospital then the patient is brought to the 
hospital for such a procedure The appoint 
ment is made m advance and if the patient is 
ambulatory or semiambulatory he may be 
brought by taxicab if bedridden he is brought 
by means of an ambulance The separation 
of the patient from the hospital is never 
allowed to deprive the patient of any service 
that the hospital can give If the service cannot 
be brought to the patient the patient is 
brought to the service 

9 Transportation Transportation to and 
from the hospital for both patient and person 
ncl IS provided 

To illustrate the selection of a home care 
patient and the definitive care, it might be well 
to have you follow a typical case 

The patient a fifty eight year old white 
female had had a left radical mastectomy 
plus postoperative irradiation three years 
prior to her admission to Montefiore Hospital 
She remained well for one jear then she 
began suffering pain m her left arm owing to 
metastases to the left humerus and both tibiae 
She was given the usual course of testosterone 
therapy with marked relief of pain and with 

healing m the metastatic sites She then 
sustained a pathologic fracture of the right 
femur was confined to bed and admitted to 
the hospital where she received hormonal 
therapy Physical examination at the time of 
discharge to Home Care revealed a well healed 
left supraclavicular fossa The left arm showed 
swelling With deformity and limitation of 
motion The right hip was swollen deformed 
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nnd tender The limb was inverted and for? 
shortened The right lower limb showed de 
formil) and swelling above the right knee 
Radiation therapy was not considered feasible 
for this patient The orthopedists did not feel 
It wise to immobilize her with casts She 
was bedridden and unable to be moved wiih 
out undue pam Although her medical con 
dition made the possibility of home mainle 
nance seem questionable the patient was ac 
cepted for home care in view of her urgent 
request to be home and her increasing depres 
Sion on remaining in the hospital 

The social evaluation for home care le 
vcaled that the patient lived m a one storj 
cottage With her son and husband both of 
whom were employed She had always been 
an energetic, vigorous person whose activities 
extended beyond the management of her home 
and raising of three children into multiple 
community affairs She had worked and mam 
lamed her personal independence so that com 
ing into the hospital and being bednddin and 
helpless were \ery dilffcuU for her to face and 
accept Beyond this she had to endure great 
nnd almost constant physical pam and despite 
her courageous efforts to keep cheerful an 
optimistic she became increasingly depresse 
and wondered if she would ever be able to o 
anything for herself again An underlyWe 
feeling that she was hopeless was for 
patient only accentuated by the depressing 
atmosphere of the ward She became 
mgly restless and discouraged and presse 
discharge Plans were made so that the 
would have some housekeeping help an ' 
was arranged that her meals would be le 
a table at her bedside so that she could manaw 
until her family came home in the ® 
Several friends also agreed to drop 
tally during the day to help her if uee e 
In the first few weeks of home care ^ 
social worker visited regularly three 
week and m this period the patient was 
able to release much of her deep tension 
needed and was given a sense of sharing i 
medical plans treatment was of 

questions were answered and a grwt c 
reassurance and support were 
total program After about a month ® 
her mental outlook became better au 
improved physically She requested tnai 
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doctor consider trying to put her in a wheel 
chair 

The patient was seen on a consultation basis 
by the Neoplastic Orthopedic and Radiation 
Therapy services It was agreed to supply her 
with a wheel chair She was continued on 
hormonal therapy and despite the severe 
limitation of movement in the various ex 
tremities resulting from metastases she man 
aged to create a close to normal existence in 
her wheel chair 

Some healing of the pathologic fractures 
occurred she was able to move both lower 
extremities and she began to assume many 
responsibilities She was not satisfied to de 
pend upon others fo assist her into the chair 
and devised a system whereby despite her 
paraplegia she could do it alone She lowered 
the back of the chair onto the bed so that it 
formed a bridge from the bed to the seat and 
from her sitting position maneuvered herself 
gradually into the chair This was the first 
step toward achieving her independence Now 
that she could get around in a wheel chair 
she was determined to take over her house 
hold again And she did She wheeled into the 
kitchen and from the chair prepared all the 
meals for the family irom her chair she baked 
washed clothes ironed washed her floor 
swept made the beds straightened the house 
Her family bought her long wooden scissors 
like tongs with rubber ends with which she 
picked up things from the floor or from high 
places When she was through with the house 
"ork she wheeled into the garden and hung up 
Ihe family wash that she had done She 
Weeded the garden and planted flowers with 
her scissors Mrs P even complained to the 


worker and doctors that the day was not long 
enough 

The patient eventually became progressively 
worse and about one month prior to her death 
was completely bedridden Even at this time 
she wanted to be at home and resisted return 
to the hospital until it was absolutely neces 
sary 

What are the results of our program'^ It has 
been gratifying that this program has met by 
the team approach the multiple needs of the 
patient Of considerable importance to the 
community has been the fact that the Home 
Care Program not only meets the needs of the 
patient but costs much less than institutional 
care The cost per patient day was about 
$3 50 as compared to a patient day cost at 
Montefiore Hospital of more than $23 00 
The Home Care cost includes all salaries and 
services such as fees for the doctors services 
housekeeping services occupational therapy 
physical therapy as well as all materials and 
supplies 

Of considerably greater importance how 
ever is the value of this program to the 
patient his family and the community The 
hospital of necessity has a discipline that is 
essentia] for efficient function but this dis 
cipline IS not always in accord with the wishes 
needs or desires of any one individual patient 
After the hospital has given the maximum to 
the patient the loss of the little conveniences 
to the patient becomes more and more impor 
tant With even the barest physical facilities 
a good home is in many instances far superior 
for the care of the patient to the best appointed 
hospital 
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CHAPTER 5 


The Microscopic Grading of Cancer 

Albert C Broders 


The variability in the malignancy of differ 
cnt kinds of cancer and of the same kind m 
dilTcrcnt situations has long been known Thus 
squamous cell cancer was known to be more 
malignant than basal cell cancer melanotic 
cancer was known to be more malignant than 
the other two types squamous cell cancers of 
the uterine cervix were known to be of higher 
'‘terage malignancy than squamous cell 
cancers of the lip and adenocarcinomas of the 
stomach were known to be of higher average 
malignancy than adenocarcinomas of the 
bod) of the uterus Howescr when it came to 
carcinomas of the same type at the same site 
general appreciation of the variation of 
malignancy was until recently possessed by but 
few observers A carcinoma of the lip was 
considered a carcinoma of the lip a carcinoma 
of the stomach a carcinoma of the stomach 
and a carcinoma of the breast a carcinoma 
of the breast and usually nothing more 
Experienced and discerning physicians how 
c'cr had observed that papillary polypoid 
or elevated carcinomas were less malignant 
than those that were flat or infiltrating This 
observation was fully appreciated by the late 
\\ Mavo when he postulated A cancer 
that comes to you is less malicnant than one 
that goes away from you 

early concepts concerning 

VARIATIONS IN THE 
MALIGNANCY OF TUMORS 
''■^Thc povvihihly of dctcclini. the sarvinc 
malicnancv of carcinoma bv microscopic 
^animation was foreshadowed bv \ irchow 
H"'! m lh58 who said Cancer is not main; 
because it contains hetiroloeous cells 
cancroid benicnant bewail e its cells -ue 
OTTM'logoiis — ihcv arc both m iliwn ml and 
t ’fr matignitv onlv differs m decree ^ 


Beginning in 1890 Hansemann (1890 
1902) postulated that noncancerous epithelial 
cells change into cancer cells by a process 
called anaplasia (backward to form) a 
term that Hansemann himself suggested To 
him anaplasia not only represented the process 
by which the noncancer cells are transformed 
into cancer cells but Ihe process by which the 
mature unfertilized ovum is developed from a 
somatic cell 

In the course of his studies Hansemann 
raised the question as to whether the degree 
of malignancy of a cancer could be deter 
mined from the histologic structure and 
thought that the answer to this question prob 
ably could be found in a study of the ana 
plasia as he had observed that cancers with 
the most marked anaplasia also showed the 
greatest tendency to metastasize His studies 
revealed that one almost never failed to find 
recurrence or metastasis m eases m which 
the neoplasms were markedly anaplastic on 
the other hand if the neoplasms showed only 
a mild degree of anaplasia there were found 
either no rccurrwnccs and mctaslascs or re 
currcnccs and mctaslascs with stronger or 
more marked anaplasia than found m the 
original tumor In view of Hansemann s 
observation that a tumor can change from a 
lower to a hiehcr grade of an iplasia he was 
of the opinion that one could tell more about 
the prognosis in eases of neoplasm with 
marked anaplisia thin one could tell in cases 
of neoplasm m which there is little or no 
anaplasia 

AUTHORS MnHOD OF 
MICROSCOPIC GRADING 

The svstem of gr idinc cancer is as follows 
Grade I epithelioma is one m which dif 
fcrcnisatu n ranwev from almost KK) per cent 
«5 
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to 75 per cent, and undifferentiation from al 
most nothing to 25 per cent A Grade II 
epithelioma is one in which differentiation 
ranges from 75 per cent to 50 per cent and 
undifferentiation from 25 per cent to 50 
per cent A Grade III epithelioma is one in 
which differentiation or self control ranges 
from 50 per cent to 25 per cent and un 
differentiation from 50 per cent to 75 per 
cent A Grade IV epithelioma is one in which 
differentiation or self control ranges from 
25 per cent to practically nothing and undif 
ferentiation from 75 per cent to practically 
100 per cent 

A completely differentiated cell of an 
epidermoid carcinoma is one in which the 
entire cytoplasm is keratmo hyalinizcd or 
keratinized and the nucleoplasm has become 
eccentric and degenerated Such cells may 
be arranged in a discrete manner but are 
usually conglomerated m the form of pearly 
bodies 1 believe one can say that they have 
reached a state of absolute differentiation in 
other words they have arrived at a point 
where they can neither dedifferentiate nor re 
produce 

In a partially differentiated cell of a 
squamous cell carcinoma the cytoplasm is 
not completely keratmo hyahmzed or kera 
tinized The cytoplasm is usually dispropor 
tionately large m volume m comparison with 
the nucleoplasm which often appears actually 
to have decreased so that it is not more 
voluminous than the nucleolus observed in 
some cells of the same type of carcinoma In 
this cell the nucleoplasm usually appears as 
a small spheroidal or oval mass situated about 
the center of the cytoplasm and it does not 
show evidence of encroachment and degenera 
tion Such a cell has differentiated to the 
point that Us reproductive capacity is reduced 
to the minimum The production of melanin 
in melanocarcinoma is evidence of differentia 
tion just as is the production of keratin in 
squamous cell carcinoma 
The range of dedifferentiation and dif 
ferentiation in basal cell carcinoma is usually 
slight The cells of a basal cell carcinoma not 
infrequently partially or completely diffeicnta 
ate toward the squamous-cell type as rnani 
festcd by keratinization and formation of 
pearly bodies Conversely they may partially 
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differentiate m a glandular direction however 
for the most part they retain the characteristics 
of basal cells 

The partially differentiated cell of an 
adenocarcinoma has a spheroidal oval or 
spindle shaped nucleus usually situated at the 
base of a columnar or cuboidal cell and as in 
the squamous cell carcinoma it is relatively 
small in comparison to the cytoplasm The 
cytoplasm of such a cell may or may not con 
tam a secretory product If the cell has 
reached a state of complete differentiation 
the nucleoplasm not infrequently will have dis 
appeared as is seen in mucoid adtnocarci 
noma 

In contrast to partially and completely dif 
ferentiated cells it is also necessary for the 
accurate grading of carcinoma and other 
malignant neoplasms that the microscopist be 
familiar with cells that are m a partially or 
completely undifferentiated state These cells 
vary in their degree of undifferentiation de 
pending on the extent of dcdifferention Cells 
in a state of mitosis or amitosis may be said 
to be in a state of partial or complete un 
differentiation Since irregular or atypical 
mitosis of Hansemann in which the chromatin 
IS arranged m a multipolar manner that is in 
Y star cross and similar formations is 
usually associated with carcinomas and other 
neoplasms of a high degree of malignancy it 
IS safe to infer that these forms represent a 
stale of extreme undifferentiation Cells with 
large spheroidal or irregular nuclei with or 
without prominent nucleoli m which the 
cytoplasm is decreased and the nucleoplasm 
increased in volume are familiar examples of 
undifferentiated forms The nuclei of undif 
ferentiated cells frequently have marked 
avidity for the basic dves 

It IS the aim of the microscopist m the 
grading of cancer and of other malignant 
neoplasms to estimate the proportion of cells 
that are partially or completely differentiated 
on the one hand and those that are more or 
less undifferentiated on the other 

In prognosis of malignant tumors m gen 
eral it goes without saying that well informed 
physicians take into consideration a number 
of factors however I do not hesitate to state 
that the grade of malignancy is by far the 
most important one As a rule the grades of 
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malignancy of carcinomatous neoplasms are 
m direct proportion to their proliferative in 
filtrative metastasizing and death dealing ca 
pacities The chief difference in the malig 
nancy of different tumors or tumors ot the 
same type depends on their cellular activity 
Although the grading of cancer has its 
greatest value m prognosis it also is not mfre 
quently of material assistance in determining 
the most effective therapeutic procedure m a 
given case For example Since Grade I cancer 
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of the hp almost never metastasizes removal 
of the regional lymph nodes is not indicated 
The following statistics (Tables 5 1 to 5 12) 
were compiled from the available information 
on 537 cancers of the lip 256 of the skin 
473 of the genitourinary organs 362 of the 
cavities and internal organs of the head and 
neck 598 of the rectum and 3368 of the 
breast making a grand total of 5594 graded 
cancers 
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TABLE 5 1 — Squamous Cell Epithelioma of ■ 

Postoperative Results According to Grade 

Diagnosis and Pathology 

THF Lip 


Grade 1 

Grade II 

Grade III 

Grade IV 

All Grades 

Information 





457 






(88 56% of 516) 

Liiing 

50 

159 

26 


235 


(72 44% of 69) 

(54 63% of 291) 

(27 95% of 93) 


(51 42% of 457) 

Good result 

50 

157 

24 


231 


(100% of 50) 

(98 74% of 159) 

(92 30% of 26) 


(98 29% of 235) 

Fair result 


2 

1 


3 



(125% of 159) 

(3 84% of 26) 


(127% of 235) 

Poor result 



1 


I 




(3 84% of 26) 


( 42% of 235) 

Dead 

19 

132 

67 

4 

222 


(27 53% of 69) 

(45 36% of 291) 

(72 04% of 93) 

(100% of 4) (48 57% of 457) 

Good result 

17 

72 

11 

1 

101 


(89 47% of 19) 

(56 25% of 128) 

(17 74% of 62) 

(25% of 4) 

(47 88% of 213) 

Fair result 

2 

1 



3 


(10 52% of 19) 

( 78% of 128) 



(140% of 213) 

Poor result 


55 

51 

3 

109 



(42 96% of 128) 

(82 25% of 62) 

(75% of 4) 

(51 17% of 213) 

Total results 





213 

(dead) 






Postoperative 






deaths 


2 

2 



Cause unknown 


2 

1 



Cause known hut 






death took place 






too early to con 






sider 



2 



Total good result 

67 

229 

35 

1 

332 


(97 10% of 69) 

(79 79% of 287) 

(39 77% of 88) 

(25% of 4) 

(74 10% of 448) 

Total fair result 

2 

3 

1 


6 


(2 89% of 69) 

(104% of 287) 

(1 13% of 88) 


(1 33% of 448) 

Total poor result 


S5 

52 

3 

no 



(19 16^0 of 287) 

(59 09% of 88) 

(75% of 4) 

(24 55% of 448) 


Duration of Postoperative Life According to Grade 


Information 





448 cases 

Living 





235 cases 


irs 

Ik 

Yrs 

Yrs 

Yrs 

Good result 






Longest 

20 00 

21 10 

17 62 


21 10 

Shortest 

6 79 

6 96 

851 


6 79 

Average 

13 60 

13 04 

12 0 


13 10 

Fair result 






Longest 


18 98 

13 61 


18 98 

Shortest 


10 95 



10 95 

Average 


14 97 



14 51 

Poor result 






Longest 



10 52 


10 52 

Dead 





213 cases 



rhe Microscopic Grading of Cancer 


63 


TABLE 5 1 (Contiiuied) 

Duration of Postoperatn e Life According to Grade 



Yrs 

Yrs 

Yrs 

Yrs 

Yrs 

Good result 






Longest 

18 40 

18 38 

11 30 

3 73 

18 40 

Shortest 

2 00 

36 

2 02 


36 

Average 

Date of death 

9 00 

7 32 

710 


7 55 

not obtained 


1 




Fair result 






Longest 

9 98 




9 98 

Shortest 

6 93 




3 96 

Average 

P or result 

8 45 

3 96 



6 96 

Longest 


11 16 

11 87 

1 00 

11 87 

Shortest 


06 

03 

37 

03 

Average 

Date of death 


I 88 

1 37 

58 

1 61 

not obtained 


I 





TABLE 5 2 — Squamous Cell Epithelioma of the Skin 
Posloperatne Results According to Grade 



Grade 1 

Grade It 

Grade lit 

Grade tV 

All Grades 

Information 





215 

(91 10% of 236) 

Lixing 

10 

52 

10 

2 

74 


(50% of 20) 

(35 61% of 146) 

(26 31% of 38) 

(18 18% of 11) 

(34 41% of 21S) 

Ccod result 

10 

45 

9 

2 

66 

Fair result 

(100% of 10) 

(86 53%- of 52) 

7 

(13 46% of 52) 

(90% of 10) 

1 

(10% of 10) 

(100% of 2) 

(89 18% of 74) 

8 

(10 81% of 74) 

Dead 

10 

94 

28 

9 

141 


(50% of 20) 

(64 38% of 146) 

(73 68% of 38) 

(81 81% of 11) 

(65 58% of 215) 

Good result 

Fair result 

10 

(100% of 10) 

rt 

(41 11% of 90) 

5 

(5 55% of 90) 

7 

(25% of 28) 


54 

(39 70% of 136) 
5 

(3 67% of 136) 

Poor result 

Total results 
(dead) 

Postoperative 

deaths 

Cause unknown 

Cause known but 
took place too 
early to consider 

48 

(53 33% of 20) 

21 

(75% of 28) 

8 

(100% of 8) 

1 

77 

(56 61% of 136) 

136 

Total good results 

20 

82 

16 

2 

120 

Total fair results 

(100% of 20) 

(57 74% of 142) 
12 

(8 4S%. of 142) 

(42 10% of 38) 

1 

(2 63% of 38) 

(20% of 10) 

(57 14% of 210) 
13 

(6 19% of 210) 

Total poor results 


48 

(^1 80% of 142) 

21 

(55 26% 0(38) 

8 

(80% of 10) 

77 

(36 66% of 210) 
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TABLE 5 2 (Continued) 

Duration of Postoperali\e Life According to Grade 


Grade 1 

Grade it 

Grade HI 

Grade IV 

All Grades 

Information 





215 cases 

Living 





74 cases 



Yrs 

Yrs 

Yrs 

Yrs 

Good result 






Longest 

13 15 

20 52 

16 38 

13 35 

20 52 

Shortest 

9 50 

8 90 

10 60 

10 15 

8 90 

Average 

11 38 

12 71 

13 22 

11 75 

12 54 

Fair result 






Longest 


16 20 

15 70 


16 20 

Shortest 


3 99 



3 99 

Average 


1079 



1141 

Dead 





141 cases 

Good result 






Longest 

13 00 

15 00 

12 10 


15 00 

Shortest 

43 

26 

82 


26 

Average 

5 69 

5 92 

706 


6 03 

Fair result 





10 85 

Longest 


10 85 



Shortest 


2 78 



2 78 

Average 


6 97 



697 

Poor result 





11 19 

Longest 


11 19 

4 16 

2 96 

Shortest 


15 

25 

05 

05 

Average 


204 

1 16 

1 23 

171 
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TABLE 5 3 — Squamous Cell Epithelioma of the Genitourinary Organs 
Postoperaliie Results According to Grade 



Grade I 

Grade II 

Grade III 

Grade IV 

AH Grades 






408 






(92 72% of 440) 


11 

26 

32 

7 

76 

ing 

(55 55% of 20) 

(26% of 100) 

(17 77% of 180) 

(6 48% of 108) 

(18 62% of 408) 

3ood result 

11 

25 

32 

7 

15 


(100% of 11) 

(96 15% of 26) 

(100% of 32) 

(100% of 7) 

(20% of 375) 

t-air result 


1 






(3 84% of 26) 




Dead 

9 

74 

148 

101 

332 


(45% of 20) 

(74% of 100) 

(82 22% of 180) 

(93 51% of 108)(gl 37% of 408) 

Good result 

3 

14 

9 

3 

29 


(42 85% of 7) 

(23 72% of 59) 

(638% of 141) 

(3 26% of 92) 

(7 73% of 375) 

Fair result 

1 






(14 28% of 7) 





Poor result 

3 

45 

132 

89 

269 


(42 85% of 7) 

(76 27% of 59) 

(93 61% of 141) 

(96 73% of 92) 

(7173% of 375) 

Postoperative 






deaths 

1 

11 

6 

5 


Cause unknown 

1 

2 

1 



Cause known but 






took place too 






early to consider 


2 


4 


Total good results 

14 

39 

41 

10 

104 


(77 77% of 18) 

(45 88% of 85) (23 69% of 173) 

(10 10% of 99) 

(27 73% of 375) 

Total fair results 

1 

1 



2 


(5 55% of 18) 

(I 17% of 85) 



( 53% of 375) 

Total poor results 

3 

45 

132 

89 

269 


(16 66% of 18) 

(52 94% of 85) 

(76 30% of 173) 

(89 89% of 99) 

(71 73% of 37S) 


Duration of Postoperatt\e Life According to Grade 



Grade I 

Grade II 

Grade HI 

Grade IV 

All Grades 


Information 

Living 


Good result 
Longest 
Shortest 
Average 
Fair result 
Longest 
Dead 

Good result 
Longest 
Shonest 
Average 
Fair result 
Longest 
Poor result 
Longest 
Shortest 
Average 


408 CISC 
76 case 
Yrs 


18 47 
7 05 
1221 


19 06 
6 43 
12 69 


21 06 
8 93 
13 13 


13 82 
9 44 
1048 


21 06 
6 43 
12 63 


6 62 

4 86 

5 86 


11 76 
1 16 


16 58 
1 93 
8 02 


17 03 
4 93 
9 55 


17 03 
1 16 
7 34 


2 87 
15 
1 86 


10 68 
08 
1 <6 


4 80 
16 
1 20 


1222 

08 

155 
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TABLE 5 2 (Continued) 

Duration of Poiloperatne Life According to Grade 



Grade I 

Grade II 

Grade III 

Grade IV 

All Grades 

Information 

Living 





215 cases 
74 cases 


Yrs 

Yrs 

yrs 

Yrs 

Yrs 

Good result 






I ongest 

13 15 

20 52 

16 38 

13 35 

20 52 

Shortest 

9 50 

8 90 

10 60 

10 15 

8 90 

Average 

11 38 

12 71 

13 22 

11 75 

1254 

Fair result 






Longest 


16 20 

1570 


16 20 

Shortest 


3 99 



3 99 

Average 


10 79 



11 41 

Dead 





141 cases 

Good result 






Longest 

13 00 

15 00 

12 10 


15 00 

Shortest 

43 

26 

82 


26 

Average 

5 69 

5 92 

7 06 


6 03 

Fair result 





10 85 

Longest 


10 85 



Shortest 


2 78 



2 78 

Average 


6 97 



6 97 

Poor result 





11 19 

Longest 


11 19 

4 16 

2 96 

Shortest 


15 

25 

05 

05 

Average 


204 

1 16 

1 23 

171 
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TABLE 5 3 — Squamous Cell Epithelioma of the Genitoorinary Organs 
Postoperaliie Results According to Grade 



Grade / 

Grade II 

Grade III 

Grade IV 

AU Grades 

Information 





408 






(92 72% of 440) 


11 

26 

32 

7 

76 

Livini 

(55 55% of 20) 

(26% of 100) 

(17 77% of 180) 

(6 48% of 108) 

(18 62% of 408) 

Good result 

11 

25 

32 

7 

75 


(100% of 11) 

(96 15% of 26) 

(100% of 32) 

(100% of 7) 

(20% of 375) 

Fair result 


I 






(3 84% of 26) 




Dead 

9 

74 

148 

101 

332 


(45% of 20) 

(74% of 100) 

(82 22% of 180) 

(93 51% of 108)(81 37% of 408) 

Good result 

3 

14 

9 

3 

29 


(42 85% of 7) 

(23 72% of 59) 

(6 38% of 141) 

(3 26% of 92) 

(7 73% of 375) 

Fair result 

1 






(14 28% of 7) 





Poor result 

3 

45 

132 

89 

269 


(42 85% of 7) 

(76 27% of 59) 

(9361% of 141) 

(96 73% of 92) 

(7173% of 375) 

Postoperative 






deaths 

1 

11 

6 

5 


Cause unknown 

1 

2 

I 



Cause known but 






took place too 






early to consider 


2 


4 


Total good results 

14 

39 

41 

10 

104 


(77 77% of 18) 

(45 88% of 85) 

(23 69% of 173) 

(10 10% of 99) 

(27 73% of 375) 

Total fair results 

1 

1 



2 


(5 55% of 18) 

(1 17% of 85) 



( 53% of 375) 

Total poor results 

3 

45 

132 

89 

269 


(16 66% of 18) 

(52 94% of 85) 

(76 30% of 173) 

(89 89% of 99) 

(71 73% of 375) 


Duration of Postoperaine Life According to Grade 



Grade 1 

Grade II 

Grade HI 

Grade IV 

AU Grades 

Infoimation 






Living 





76 cases 


Yrs 

Yn 

Yrs 

Yrs 

Yrs 

Good result 






Longest 

18 47 

1906 

21 06 

13 82 

21 06 

Shortest 

7 05 

6 43 

8 93 

9 44 

6 43 

Average 

1221 

12 69 

13 13 

10 48 

12 63 

Fair result 






Longest 


12 48 




Deid 





332 cases 

Good result 






Longest 

6 62 

11 76 

16 S8 

17 03 


Shortest 

4 86 

1 16 

1 93 

4 93 


Average 

5 86 

601 

8 02 

9 55 


Bair result 






Longest 

9 21 





Poor result 






Longest 

2 87 

12 22 




Shortest 

15 

OS 

08 

16 


Average 

1 86 

•> 21 

1 56 

I 20 

I 55 
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TABLE 5 4 — Epithelioma op Cavities and Internal Organs of Head and Neck 
Posloperotne Results According to Grade 


Grade 1 

Grade II 

Grade III 

Grade IV 

All Grades 

Information 





233 






(90 65% of 257) 

Lning 

7 

25 

4 

2 

38 


(58 33% of 12) (22 52% of 111) 

(4 49% of 89) 

(9 52% of 21) 

(16 30% of 233) 

Good result 

7 

24 

4 

2 

37 


(100% of 7) 

(96% of 25) 

(100% of 4) 

(100% of 2) 

(16 81% of 220) 

Fair result 


1 



1 



(4% of 25) 



( 45% of 220) 

Dead 

5 

86 

85 

19 

195 


(41 66% of 12) 

(77 47% of 111) 

(95 50% of 89) 

(90 47% of 21) 

(83 69% of 233) 

Good result 

3 

10 

3 


16 


(60% of 5) 

(12 34% of 81) 

(3 89% of 77) 


(7 27% of 220) 

Poor result 

2 

71 

74 

19 

166 


(40% of 5) 

(87 65% of 81) 

(96 10% of 77) 

(100% of 19) 

(75 45% of 220) 

Postoperative 






deaths 


4 

8 



Cause unknown 


1 




Total good result 

10 

34 

7 

2 

53 


(83 33% of 12) 

<3207% of 106) 

(8 64% of 81) 

(9 52% of 21) 

(24 09% of 220) 

Total fair result 


1 



1 



( 94% of 106) 



( 45% of 220) 

Total poor result 

2 

71 

74 

19 

166 


(16 66% of 12) (66 98% of 106) 

(91 35% of 81) (90 47% of 21) 

(75 45% of 220) 



Duration of Postoperatne 

Life According to Grade 



Grade 1 

Grade II 

Grade III 

Grade IV 

All Grades 

Information 

Living 

Yrs 

Irs 

Yrs 

Yrs 

233 cases 
38 cases 

Yrs 

Good result 

Longest 

19 40 

15 15 

14 13 

1632 


Shortest 

4 00 

3 21 

1001 

12 91 


Average 

11 29 

10 98 

12 10 

14 61 



Longest 

Dead 


12 79 



195 cases 

Good result 

Longest 

5 53 

12 00 

13 79 



Shortest 

4 53 

431 

1 11 



Average 

5 18 

8 22 

7 02 



Poor result 

Longest 

9 75 

900 

6 62 

2 63 

9 75 

Shortest 

4 00 

OS 

04 

08 


Average 

6 87 

1 28 

79 

82 




The Microscopic Grading of Cancer 

TABLE 5 5 — Carcinoma of the Rectum 
Postoperative Resiills According to Grade* 



Grade 1 

Grade H 

Grade III 

Grade /I 

All Grades 

Information 





587 






(98 16% of 598) 

Liung 

58 

112 

35 

8 

213 


(56 31^^ of 103) 

(38 22% of 293) 

(25 17% of 139) 

(15 38% of 52) 

(36 28% of 587) 

Good result 

55 

101 

33 

7 

196 


(94 82*^0 of 58) 

(90 17% of 112) 

(94 28% of 35) 

(87 50% of 8) 

(92 01% of 213) 

Poor result 

3 

11 

2 

1 

17 


(5 17% of 58) 

(9 82% of 112) 

(5 71% of 35) 

(12 50% of 8) 

(7 98% of 213) 

Dead 

45 

181 

104 

45 

375 


(43 68% of 103) 

(61 77% of 293) 

(74 82% of 139) 

(86 53% of 52) 

(63 88% of 587) 

Good result 

4 

13 


2 

19 


(13 79% of 29) 

(8 38% of 155) 


(5 40% of 37) 

(6 16% of 308) 

Poor result 

25 

142 

87 

35 

289 


(86 20% of 29) 

(91 61% of 155) 

(100% of 87) 

(94 59% of 37) 

(93 83% of 308) 

Total good 






results 

59 

114 

33 

9 

215 


(67 81% of 87) 

(42 69% of 267) 

(27 04% of 122) 

(20% of 45) 

(4126% of 521) 

Total poor 






results 

28 

153 

89 

36 

306 


(32 18% of 87) 

(57 30% of 267) 

(72 95% of 122) 

(80% of 45) 

(58 73% of 521) 


Diiranon of Posloperatii 

le Life According to Grade 



Grade 1 

Grade U 

Grade III 

Grade IV 

All Grades 

Information 





499 cases 

Living 





213 cases 



Yrs 

Yrs 

Yrs 

Yrs 

Good result 






Longest 

9 50 

11 00 

10 50 

7 33 

11 00 

iihorlest 

1 33 

1 20 

1 33 

4 00 

1 20 

Average 

5 06 

A 19 

4 57 

6 73 

4 89 

Poor result 






Longest 

2 25 

341 

1 91 

2 75 

341 

Shortest 

1 37 

1 16 

1 41 

2 75 

I 16 

Average 

1 90 

2 54 

1 66 

2 75 

2 33 

Dead 





286 cases 

Good result 






Longest 

8 50 

10 12 


6 58 

10 12 

Shonesi 

1 83 

1 17 


4 00 

1 17 

Average 

4 81 

A 67 


5 29 

4 73 

Poor result 






Longest 

7 75 

7 66 

6 00 

7 75 

7 75 

Shortest 

041 

0 50 

0 08 

0 12 

08 

Average 

2 42 

221 

1 76 

1 45 

2 00 


Thi tall dopH not inclu<l In til I 

'■1 iht r I ift^r th 

hn\o UpI from the tar Inom i n r 1 


I ih M 
I II 
It I t l 


pr I after itmtun «r in the h plt-ii or after the 
\ i t >o h rt to d termlnc wl thpr or n >t the i all nt 
in wtil I tl e C1U r eiil qucnt death !•« un 
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TABLE 
Unilateral 

Percenlage Siirvl\al Rales According to Invohement 


Grade 

Axillarv 

Metastasis 

No Patients 
Operated on 

No Patients 
Traced 

Lived Three or More Years 
after Operation 

Those Traced 

Patients 
Operated on 

I 

Present 

10 

10 

10 

100 0 

10 


Absent 

119 

111 

107 

96 4 

97 

II 

Present 

183 

178 

121 

68 0 

177 


Absent 

244 

236 

210 

89 0 

211 

HI 

Present 

782 

770 

38S 

SOO 

743 


Absent 

309 

303 

241 

79 5 

252 

IV 

Present 

1520 

1484 

483 

32 5 

1362 


Absent 

201 

197 

134 

68 0 

173 


Tins table pertaining to cancer of the breast was recently published by Dr Harrington. It shows the 
Influence of the grade of malignancy on metastasis and ultimate resulL . 

The results which are on a three or more five or more^ and ten or more year survhal basl- are nw 
comparable to the results obtained in the other five groups of cancer (Tables 5 1 to 8 S Inclusive) which 
are on a good fair and poor bnsls however the following should be of Interest as It shows a 
age grade of malignancy In cancers of patients who survived m contrast to a higher aservge grade of ma 
lignancy of cancers in patients who did not 
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56 

Carcinoma of Breast* 

of Lymph Nodes and Grades of Malignancy 


latients 

Traced 

1 ned Five or More Years 
after Operation 

No j 

Those Traced 

Patients 
Operated on 

Patients 

Traced 

Lived Ten or More Years 
after Operation 

% of 

Those Traced 

10 

10 

100 0 

8 

7 

S 

71 4 

91 

87 

95 6 

49 

48 

41 

85 4 

172 

89 

51 7 

149 

142 

43 

30 3 

202 

163 

80 7 

93 

87 

48 

55 2 

724 

221 

30 5 

533 

519 

74 

14 3 

247 

154 

62 3 

127 

122 

55 

45 1 

1334 

281 

21 1 

945 

921 

no 

11 9 

168 

96 

57 1 

115 

112 

44 

39 3 


The a>era?e grade o( 1691 cancers In oatients who lived three or more >ears after operation is i 03 The 
average grade of 1101 canrers in patients who li\ed Ate or more yeare after operation is 2 93 The 
average grade of 4'>0 cancers In patients who lived ten or more jears after operation Is 2 98 On the other 
hand the average grade of 1S98 cancers In patients who failed to live three or more yesrs after operation 
It 8 60 The average grade of 1847 cancors In patients who failed to live five or more years after operation 
is 3 53 The average grade of 153$ cancers in patients who failed to live ten or more years after operation 
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TABLE 5 7 —Percentage of ntc Poor Grades of Cancer in Various Situations 


Up 



No 

Per Cent 

Grade T 

85 

15 82 

Grade II 

333 

62 01 

Grade III 

113 

21 04 

Grade IV 

6 

1 11 

Total 

537 



Skm 



No 

Per Cent 

Grade I 

21 

8 20 

Grade 11 

178 

69 53 

Grade III 

44 

17 18 

Grade IV 

13 

5 07 

Total 

256 



Gemtoiinnary Organs 



No 

Per Cent 

Grade I 

24 

507 

Grade 11 

116 

24 53 

Grade III 

206 

43 53 

Grade IV 

127 

26 84 

Total 

473 



Ca\tues and Organs of Head and Neck 



No 

Per Cent 

Grade I 

16 

4 41 

Grade II 

161 

44 47 

Grade III 

145 

40 05 

Grade IV 

40 

11 04 

Total 

362 



Rectum 



No 

Per Cent 

Grade I 

105 

17 55 

Grade 11 

299 

50 00 

Grade III 

141 

23 57 

Grade IV 

53 

8 86 

Total 

598 



Breast 



No 

Per Cent 

Grade I 

129 

38 

Grade 11 

427 

127 

Grade HI 

1091 

324 

Grade IV 

1721 

51 1 

Total 

3368 
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TABLE 5 8 —Percentage of Metvstasis of Cancer in Relation to Grade 


Organ 

Cases 

Grade 

Percentage 

Lip 

67 

I 

00 00 

287 

II 

13 58 


92 

III 

68 47 


3 

IV 

100 00 

Skin 

2 

I 

00 00 


25 

II 

44 00 


16 

III 

75 00 


9 

IV 

100 00 

Rectum 

82 

1 

26 82 


290 

11 

44 13 


137 

III 

56 20 


Si 

IV 

64 70 

Breast 

129 

1 

78 


All 

II 

42 9 


1091 

HI 

71 7 


1721 

IV 

88 3 


TABLE 5 9 — Average Grade of Malignancy* 


Cases 

Organ A i 

ierage Grade 

537 

Lip 

2 07 

256 

Skin 

2 19 

473 

Genitourinary organs 

2 92 

362 

Cavities and organs head and neck 

2 57 

598 

Recitum 

2 23 

3368 

Breast 

3 30 


A>eraf;e ot mallenano of cancer In \Arious situations 

arrhed at by addini; the numerals indlcatUe of the maUgnancy 
and dl'fdlng the re«uU h> the number of cases for example 
1 plus 2 plus 3 plus 4 equals 10 divided by 4 equals 2 S as the 
14-2+ +i 

tverage grade for the four cancers or „ 


TABLE 5 10 — Average Grade oi Cancer That Metastasized 


Cases 

Organ 

A\erage Grade 

105 

Lip 

2 63 

32 

Skin 

2 93 

260 

Rcktum 

2 46 

2495 

Breast 

3 52 


TABLE 5 1 1 — Avcragf Grade of Cancer That Did Not Metastasize 


Cases 

Organ 

Axeraee Grade 

344 

Lip 

1 88 

20 

Skin 

2 10 

too 

Rectum 

2 12 

873 

Breast 

2 67 
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TABLE 5 12 — Average Grade of Malignancy in Relation 
TO Tire Obtained Total Result 


Total Result 

Up 

Cases 

Axerage Grade 

Good 


332 

1 91 

Fair 


6 

1 83 

Poor 


no 

2 52 

Total Result 

Skin 

Cases 

Axcrage Grade 

Good 


120 

2 00 

Fair 


13 

2 07 

Poor 


77 

2 48 

Total Result 

Genltotirmary Organs 
Cases 

Axerage Grade 

Good 


104 

2 45 

Fair 


2 

1 50 

Poor 


269 

3 14 

Canttes and Organs of Mead and Neck 

Total Result 


Cases 

Axerage Grade 

Good 


53 

2 02 

Fair 


1 

2 00 

Poor 


166 

2 66 

Total Result 

Rectum 

Cases 

Axerage Grade 

Good 


215 

196 

Poor 


306 

2 43 



CHAPTER 6 


Biopsy in Tumor Diagnosis 


John V Blady 


INTRODUCTION 

It of historic interest that the biopsy 
procedure is less than one hundred years old 
Its first ardent advocate was Carl Rugc a 
gjnecologist at the University of Berlin In 
1878 he and his colleague Veit stated that the 
harmless excision of a piece of tissue from the 
poriio vaginalis and examination of the ex 
cised tissue v.as the most important means of 
recognizing malignant tumors Most pathol 
ocists of that day ridiculed the idea Roge and 
\cit persisted in their efforts and in 1899 Veit 
published his flandbtich <hr Cyttakologie 
rrommel wrote the section on uterine cancer 
and stated that diagnosis of uterine cancer 
should always be based on the microscopic 
findings m a specimen of tissue obtuncd b> 
hiopsj or curettage 

Until 1930 prominent surgeons and paihol 
ocisis debated and scored each other lO argu 
^ents on the advantages and the dangers of 
'Opvv During this time many patients were 
treated for cancer without any confirmiiion 
f the clinical diagnosis In many others cnrlj 
cancers were allowed to become advanced and 
° H^'te obvious chinclcr because of the 
^'crsion or fear of some phvsicnns to per 
<'rm hiopsjes and their fnilurc to rccocntzc 
cancer 

^or the pjet j^cTdes this procedure of 
rernovinc a biopsv his been lirmls cstiblished 
unanimouviv accepted Hv biopsv is meinl 
^c removal of tissue from a Icsioti for mtcnv 
|^‘C examination bv ipiihologisl The pur 

r^of hiopss IS to confirm a clinicat opinion 

^ I'll a derinuivc diicnosis and aid or 
decision as to ircjimcnl It miv 
f'‘e some idea ns i the nrocnosis in i 
riven ease ' 


Every lesion suspected of being cancer 
should be immediately biopsicd All lesions 
that have persisted for ten days or longer and 
have increased in size should have a piece of 
tissue removed for microscopic siudy This 
may establish a diagnosis or mny even detect 
an early cancer 

The dangers inherent m obtaining a biopsy 
must not be overlooked neither must they be 
overempbnsjzcd In all eases the tumor or 
lesion should be handled as gently as possible 
In general one should avoid cutting through 
tumor tissue that is not located on any of the 
skin or mucous membrane surfaces and espe 
cially so if It IS encapsulated It is preferable 
in such cases to excise the mass nodule or 
node 

A biopsy should never be taken with dull 
instruments The biopsy should be cleanly cut 
in order to avoid unnecessary trauma of tis 
sues thereby preventing the possible spread of 
cancer cells and also to avoid crushing and 
distorting cells m the specimen 
A negative report on a biopsy must never 
be regarded as ruling out the existence of a 
malicnnn! growth In the presence of n sus 
picioux lesion the biopsv should nlwavs h. re 
peated 

METHODS OF OBTAINING A BIOPSY 
The accepted methods bv which tissue is 
obtnmcd for histologic studv arc 

1 bv removnl of a small piece of tissue with 
biting or ciittinq forceps 

2 bv incision and removnl of n smnll piece 
or wedge of tissue with a scalpel 

1 6s excision or the compfefe removal of n 
Ivmph node or small tumor 
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mg may be readily controlled by pressure with portion of the tumor may show the transition 
either dry gauec or gauze saturated with hy from normal to (he abnormal 

drogen peroxide The application of a gelatin In taking the biopsy, the use of the scalpel 
sponge (Gclfoam) to -venous or smatt aitcnal (Bard Parker No 10 or 15) is preferred to 

bleeders wiH stop bleeding m a matter of the endothermic knife and loop Small frag 



fi9 M PQraph«rnola ut«d (or iK* pottormonu o( o^ orpi'olion (needU) 
biopiy (Upprr row) fW«-« procomo tytme* ft* ptoco n» hypodenmc ptoctlci 
Qouio cotlon applieqfort (tower row) Bopty contoiner tmoofh ond rhorp* 
loolhed thumb fercept 20 (c otpiralmg eynnge IB-gouge oipiroling needle 
(1 t 5 or 2 Inchet In length) gtou ihdet No tt BordPotVer bntoury fcmfe 


minutes Bleeding may also be controlled by 
fulgutation Where more persistent Weeding 
IS encountered a deeply placed suture will 
compress or obliterate the opening m a vessel 
by contact with surrounding tissues 
The selection of the site for the biopsy is im 
portant In Figure 6 3 the microscopic ti sue 
section shows the transition from a hyperplasia 
of squamous cells to actual cancer This repre 
sents the ideal biopsy Tumor tissue that is 
grossly infected may be somewhat modified 
by the superimposed infection and a definite 
histologic diagnosis of cancer therefore may 
not be possible Superficially ulcerated lesions 
oftentimes are covered bv granu'ation tissue 
and if care is not observed when the biop^ 
is taken the tumor may be missed and only 
chronic granulation tissue will be seen bv the 
pathologist A biopsy sfioiiW <i wa\s be taken 
from the region sho-ning the least omouni of 
infection and the Hedge of tissue should be 
cut from gro'MPg tumor care being taken to 
cut deeply A biopsy taken through the edge 
or periphery of a lesion as well as through a 


ments obtained with the cautery usually show 
complete destruction due to dehydration of 
the tissues There is definite shrinkage and 
distortion of cellular detail In taking the 
biopsy the operator must exercise care not to 
squeeze the small fragments of tissue Squeez 
ing either with thumb forceps or after ban 
dhng with dry gauze may alter the histologic 
structure and sometimes renders the tissue 
useless for study 

3 Excisional hiopsy finds its greatest use in 
the clinically significant lymphadenopaihies 
especially where a primary lesion is not 
demonstrable The removal of a whole node is 
neecssaf) 

In performing an excisional biopsy 
should be exercised m selecting a lymph node 
that would be representative of the disease in 
question A safe rule ts to select the node 
that has enlarged most recently or is for 
and IS suspicious of being part of the disease 

Small subcutaneous encapsulated tumofi 
that are suspected to be cancer if not biopsie 
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by aspiration should be excised rather than 

incised for biopsy 

Technic of excision The skin is prepared 
with a cleansing and sterilizing solution 
draped with sterile towels and a 1 or 2 per 



Fig 6 5 T«<Kni« of ojpirolion b opsy A After pro 
come hes been in|««tcd the ploce «f intioduciion of 
needle is incited with point of bistoury knife B An 18 
gouge needle with stylet in place it inserted through 
tho stab incisen in the skin The point of the needle is 
guided into the tumor with the palpating bond Tho 
stylet IS removed and a record syringe is then ottoched 
It IS important to immobilise the moss to be csp roted 
between the fingers 

cent solution of procaine hydrochloride is used 
to produce a field b’ock around the area of the 
surgical field Small incisions are made for 
superficially situated nodes However for the 
excision of deep lying nodes an incision ren 
dering adec^uate exposure is necessary The 


excision of the node is performed preferably 
by sharp scalpel dissection 

4 Needle aspiration biopsy has been pop 
ularized by Martin and Ellis [30] It can be 
easily and quickly performed in routine office 
practice 

Its use IS indicated m any case of a sus 
pected malignant tumor m which the lesion 
hes below the surface of normal tissue In 
numerable successful aspiration biopsies have 
been performed on lesions of the antrum 
nonulcerated lesions of the oral cavity parotid 
and submaxillary glands breast lungs medias 
tinum liver bones prostate and regional 
lymphadenopalhies (cervical axillary and 
inguinal) of unknown nature 

The paraphernalia required for aspiration 
biopsy are (1) 20 cc record syringe (2) 
18 gauge needle (the length of the needle will 
depend on the depth of the tumor, for subcu 
laneous masses a 5 cm needle js usually cm 
ployed whereas for lung biopsy a 10 to 
15 cm needle will be required) (3) bistoury 
knife (No 11 Bard Parker blade), (4) pro 
came needle and syringe (5) container for 
tissue and (6) normal saline or formal alcohol 
solution (Figure 6 4) Silverman and Fran 
seen have devised modifications of the needle 
used for the aspiration in an effort to improve 
the chance of obtaining tissue 

The technic of aspiration biopsy as pub 
lished by Martin and Ellis [30] is summarized 
m the captions of Figures 64 65 66 6 7, 
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and 6 8 In order to utilize this procedure 
satisfactorily however it is required that the 
pathologist have adequate experience in the 
interpretation of stained sections of small 
biopsies and especially if fixed stained smears 



Fig 67 Aipiralion biopsy The slylet Is inserted into 
the needle and the plug er core of tissue expelled on 
slide (A) or into Txing fluid (C) The syringe 1$ then 
ottoched to the needle ond oir is blown through the 
needle by forceful pressure on the plunger of the 
syringe (B) This moneuver may expel small fragments 
of tissue adherent In the lumen of the needle 

are used Stewart [31 49] has described the 
histology of fixed stained smears of tissues 
obtained by aspiration (Figure 6 9) 

The limitations of aspiration biopsy are 
well illustrated m Figures 6 10 6 11, and 
6 12 A negative aspiration biopsy does not 
mean the absence of cancer but merely m 
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forms us that in the specimen obtained can 
cer was not present 

In the punch method of biopsy a large 
trocar is inserted into the tissue in a manner 
similar to the introduction of a needle and a 
plug of tissue is cut out and withdrawn by 
means of a hooked obturator [23] The tissue 
thus obtained is treated in the same manner as 
that obtained by the aspiration needle method 

5 Curettage is employed in obtaining tissue 
from such structures as bones uterus dram 
ing sinuses and ulcers In bone lesions (cysts 
chondromas and giant cell tumors) (he bone 
IS exposed and the tumor is thoroughly cu 
retted These curettmgs serve as satisfactory 
tissue for microscopic examination In cancer 
of the body of the uterus the diagnostic curet 
tage is the method of positive diagnosis Dram 
mg sinuses and ulcers may be curetted and the 
tissue rendered for histologic study ^Vhea bi 
opsy by incision or biting forceps is not feas 
iblc It may be possible to obtain tissue by 
curettage 

6 The aspiralton of secretions from body 
coMiies is being accorded ever increasing rec 
ognilton Specimens are obtained either by 
pararantcsis or by aspiration of body secre 
tions as originally advocated by Papanicolaou 
[38] and the diagnosis is established on evalu 
atton of the cellular structure 

Paracentesis not infrequently yields tissue 
for histologic study The sediment that is ob 
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Biopsy in Tumor Diafi'nosis 

tamed from ascitic fluid should be centn 

fuged and subjected to fixation 

The cyto’ogic study of smears of secretions 
obtained from lungs vagina uterus bladder 
and stomach may lead to the detection of 


nuclear detail that are confusing and may 
lead to an error m diagnosis The best method 
IS to place the biopsy specimen in a 10 to 
20 cc tightly stoppered wide mouth bottle 
Fresh tissue should never be wrapped in dry 



Fig 6 13 Another <nilan<o in which otpiroiion biopiy may foil to obloin 
tissue from a malignant tumor because of its proximity to o benign process 
In lh s cote of o core nemo arsing at the base of e cysl in the breast the 
aspirating needle would in oil probobility enter the cyst ond cloudy fluid 
would be withdrawn The operotor might conclude that he was dealing with 
a simple cyst and thus a mol gnont breosi tumor would be mused completely 
and allowed to grow ortd probobly metastasize before its true nature would 
be detected (From C 0 Hoogensen [21] courtesy Pout B Hoeber Inc) 


early cancer of any of these regions It finds 
Its greatest usefulness in the field of cancer 
detection as a screening method 

THE HANDLING AND PRESERVATION 
OF BIOPSY TISSUE 

The proper handling of biopsy material is 
just as important as its removal If the labora 
tory IS near so that the tissue may reach its 
destination within an hour it is advisable to 
deliver the tissue to the pathologist in the 
fresh state Small pieces of tissue if exposed 
to the air will dry m 30 minutes or less and 
while such partially desiccated specimens fre 
quently are not completely unfit for micro 
scopic diagnosis they present changes in 


gaiue such gauze acts as a blotter that only 
hastens desiccation If the interim between 
offices and laboratory is to be several hours 
and no fixative is at hand the specimen should 
be placed in a large bottle with a gauze sponge 
moistened in saline solution and then stop 
pered 

Along with the specimen the pathologist 
should be given pertinent data such as (1) the 
source of the tissue (2) the age of the patient 
(3) a brief history and (4) the clinical na 
ture of the lesion Breast biopsies and endo 
metnal curettmgs should be accompanied by 
a resume of the menstrual cycle 

There are many types of fixatives but most 
of the good standard solutions are designed 
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as the first step m special h indling that is 
special staining For this reason the selection 
of the fixative should be left to the pathologist 
who IS to read the slides 

If a fixative must be used the safest for 
routine procedures is a 4 per cent to 10 per 
cent solution of commercial formaldehyde A 
layer of marble chips should be Icept in the 
bottom of the stock bottle of formaldehyde to 
prevent its becoming acid The time of prepa 
ration of sections from formalin fixed tissue 
IS usually about five days This time may be 
shortened to two days by the use of a com 
bmed fixing and dehydrating agent The best 
of these is formal alcohol With the use of this 
solution and an automatic tissue changer, sec 
tions may be prepared in 24 hours but it is 
difficult to avoid some shrinkage with this 
method 

Biopsy material such as scrapings and 
needle biopsies m which the individual pieces 
are too small to handle singly should be treated 
like an aspirated fluid The curette is washed 
off or the needle rinsed m a small amount of 
normal saline and the whole solution contain 
mg the small fragments is sent to the labora 
tory Cells should not remain in the saline 
solution for longer than six hours because they 
are apt to undergo nuclear changes that make 
diagnosis hazardous In the laboratory the 
solution is centrifuged and the button of sedi 
ment which is big enough to handle as a bi 
opsy specimen is treated as such The addi 
tion of a few drops of blood serum to the 
initial solution results in coagulating the pro 
tern and enmeshing the cells to hold them to 
gether and give the specimen body [26] If a 
fixative is used Kelly s solution is probably 
the best since it seems to preserve the finer 
details of cell structure although formalin 
or formal alcohol seems to give as good re 
suits With the latter fixatives the mounted 
specimen is made available for study 12 to 
24 hours earlier than vsith Kellys solution 

The rapid method of treating material ob 
tamed by needle biopsy permits immediate 
preparation for microscopic study [31 49] 
The tissue fragments are placed on a glass 
slide and smeared by pressure applied by 
means of another slide The resulting smear is 
dried in air fixed by heat and stained in the 
routine method This is a crude method nnd 
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usually only the obvious cancer may be diag 
nosed with certainty, although the pathologist 
cxpcnenced in the interpretation of such 
smears can quickly and readily determine 
whether the lesion is benign or malignant 
(Figure 6 9) 

Frozen section is a helpful procedure m the 
histologic diagnosis of a great many lesions 
treated surgically and suspected of being can 
cerous It is especially useful m the surgical 
treatment of tumors of the breast By this 
method no time is lost m the initial treatment 
of cancer The report of the pathologist may 
be obtained within a matter of 15 to 20 mm 
utes and the proper therapeutic procedure may 
then be carried out immediately In some in 
stances of unusual histology the frozen sec 
tion method may not be satisfactory and it is 
then necessary to await a histologic diagnosis 
on the routine paraffin section 

CHOICE OF BIOPSY METHODS FOR 
VARIOUS ANATOMIC REGIONS 

SKIN 

Suspected intact lesions are best biopsied 
with the scalpel while the biting or cutting 
forceps IS especially useful for biopsy of pro 
liferative grov-ths and for some ulcerating 
lesions (Figure 6 13) Moles and other be 
nigo growths m which cancer is not sus 
pected should be excised in toto with a 
generous margin of skin around the entire 
lesion 

Any growth that is even remotely suspected 
of being melanoma should always be widely 
excised Every pigmented mole should be 
microscopically studied The pathologist 
when studying moles especially in children 
must have clinical facts to aid him 

LIP 

For the small superficially ulcerated or 
nodular tumors incisional biopsj is the 
method of choice When the tumor is a large 
proliferative lesion tissue may be obtained 
With the biting forceps 

NASAL CAVITY AND NASOPHARYNX 

Biopsies of the nasal cavity and nasopharynx 
arc readily obtained by means of a biting or 
cutting type of forceps (Figure 6 14) In the 



Biopsy in Tumor Diagnosis 
nasopharynx it is necessary to have either 
direct visualization of the tumor, or palpatory 
aid during the biopsy procedure With the 
basket or cup type of forceps introduced 
through either one of the nasal cavities and 



F g 6-13 Mflihods of biopiy in tkm Uiioni A ond & 
ind coto outlino of wodge to bo romovod at biopsy ond 
which inclgdoi normol os well os nooplostic t stue (t e 
Figure d3 upper) C Method of toVmg a biopsy wih 
cutting or biting forceps (see Figure 6 3 (ewer) 

With the mirror m the oropharynx visualiza 
fion of the region may be had (Figure 6 14A) 
The curved type of biting forceps which can 
be used with the universal handle has the ad 
vantage of introduction through the mouih 
into the nasopharynx and here again tissue 
may be obtained by mirror vision in the oro 
pharynx The direct vision obtained with the 
nasopharyngoscope m a great many instances 
IS of considerable help When these methods 
fad the nasopharyngeal lesion is identified 
with the index finger which is introduced 
through the mouth into the nasopharynx and 
IS used as a guide for the forceps (Figures 
6 14B 6 14C) The latter may be introduced 
cither through the nasal cavity or when the 
curved forceps is used it may be introduced 
through the mouth along the guiding finger 
In a suspected nasopharyngeal fibroma or an 
giofibroma biopsy should be done cautiously 
since this type of tumor is usually highly 
vascular and serious hemorrhage may result 
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It is desirable to have these patients hospital 
ized for this biopsy procedure 
It IS well to remember that a negatne 
biopsy does not mean the absence of cancer 
This is especially well demonstrated in the 



Fig 6-14 A b epiy from lh» noiepharynx may be ob 
toined by ony of ibe fSree metbodi illuUroted above 
A Copty forceps introduced through the natal cavity 
iniothe nasopharynx With the mirror in the oropharynx 
the tumor ii teen and the b opsy ii accurately token B 
With the univeriat curved cannula biopsy forceps intro 
duced through the mouth a biopsy it token from the 
mass in the nosophorynx w th the aid of the palpating 
fnger C By identifying the nasopharyngeal mass with 
the fnger the biopsy may be obtained with a forceps 
Introduced through the nasal cavity (Courtesy Hayes E 
Martin Cancer of the Heod ond Neck J AM A J37 
August 7 and 14 1948) 

case of l)mphoepithelioma of the nasophar 
ynx This tumor is characteristically small 
and sometimes scarcely visible on naso 
pharyngoscopy or posterior mirror rhinoscopy 
Several repeat biopsies may be required before 
a positive diagnosis is obtained 

ORAL CAVITY 

Oral cavity includes the anatomic re 
gions of the tongue buccal mucous mem 
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Fig 615 o( taVmg hiopty from «n 

)ip ond tongue with cutting forcept of by Incmonol 
biopiy 


paranasai sinuses 

The pannasal sinuses include the antrum 
and the ethmoid frontal and sphenoid sinmcs 
When a tumor arising in any of these regions 
has perforated the confines of the bony wall 
a biopsy with the biting forceps is readily oh 
tamed However in the absence of visible its 
sue for biopsy other diagnostic procedures arc 
required The maxillary antrum and the fron 
tal and ethmoid sinuses may be explored and 
biopsied by means of the aspirating needle 
{Figure 6 16) Wntson reported success in 39 
instances of paranasal sinus cancer and failure 
in four paiicnts When aspiration biopsy fails 
a Caldwell Luc or other type of exposure 
should be employed 



Fig 6t6 Method* of performing on oiptroUon biopty on the mosillory onirum (Ufl) Approach through the 
gingivol fauccol gutter at the fir»f molar level Thu I* eipeetoHy eviloble for tumor* tituafed in the onlerointeriof 
portion of the ontrum (AtidtfUl Anterior opprooth through the »Un of the cheek for eoncer* invoWing the jupero- 
onterior portion of the ontrum tRighI) The Poor ©f the orbit opprooch it etpeciolly »u table for tumors perforating 
into the orbit (From W I Welion [5^] courtesy loryngotcope ) 


brane gingiva, tonsil and oropharyngeal wall 
There are a number of noncancerous proc 
esses such as syphilis und tuberculosis that 
may be confused with cancer 

From a fungatmg tumor a tissue specimen 
may be obtained with biting forceps In a 
deeply infiltrating lesion the scalpel should be 
used (Figure 6 15) 

Biopsy tissue may be readily obtained from 
lesions at the base of the tongue with curved 
biting forceps guided either by direct vision 
m a laryngeal mirror or by p ilpation of the 
tumor with a finger (Figure 6-17) Occasion 
ally direct laryngoscopy is necessary for 
proper exposure 



Fig 6 17 Removgl of btopiy specimen from lejion of 
axinnsic larynx or hypophorynx with curved bhPV 
foreap* guided by o m rror (from Koye* 

Concer of Ihe loiynx chop 5 m loose leaf Surgery 
Boll more Wll omi ond Wilkin* Compony ) 
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For neoplastic lesions of the sphenoid that 
have not eroded through the sinus wall 
trephination of the sinus for exploration and 
biopsy IS the indicated procedure 

LARYNX AND HYPOPHARYNX 
The diagnosis of cancer of the larynx should 
always be confirmed histologically Biopsy of 
lesions in the larynx the subglottic area the 
piriform sinuses and hypopharynx neccssi 
talc the aid of direct laryngoscopy Tissue may 
be obtained m certain instances by the use of 
a laryngeal mirror guiding a curved biopsy 
forceps m some lesions on the epiglottis 
ary epiglottic folds vallecula and lateral 
pharyngeal walls (Figure 6 17) 

SALIVARY GLANDS 

Aspiration biopsy will frequently establish 
the diagnosis Incisional biopsy is contraindi 
cated except for frozen section study m which 
case the surgeon should be prepared to carry 
out the necessary therapeutic procedure im 
mediately 

THYROID GUND 

Thyroid cancer is not uncommon Cole and 
associates state a large percentage of 

asymptomatic thyroids will reveal carcinoma 
in Us early stage In our scries the diagnosis 
w IS made only in the surgical laboratory in 
58 per cent of cases in 2i per cenc it was first 
made in the operating room and in another 21 
per cent it was made clinically before 
therapy 

It IS desirable ihcrcfort to obtain a pre 
operative diagnosis in diseases of the thyroid 
whenever possible Walson and Pool reported 
74 aKpiraiiom performed on the thyroid 
eland of which 62 were positive for cancer 
and 12 were nccativc 

f'ro^en scclion t/i«/v of Ihvroid tissue at 
operation is not alwivs rchahle When dealing 
''ith solitary nodules the entire mass should 
be removed and if found adherent to sur 
roundme tissue a piriial ihvroidectomv (lo 
bcciomv ) should be e irncd oiil A frozen 
'cction siudv mav help to dcleet cancer II 
the microscopic diacnosis is positive proper 
fnecr ihcraps should he immcdntclv insti 
luted 


NECK 

Aspiration biopsy of a lump in the neck 
IS the most efficient and the quickest method 
of confirming or establishing a diagnosis 
Afost persistent cer\tcal adenopathies in the 
adult are malignant metastases from inlra 
oral or pharyngeal cancer In our experience 
aspiration biopsy of cervical lymph nodes has 
been diagnostic in 85 per cent of the cases 

In the malignant lymphomas aspiration 
biopsy may be diagnostic Frequently how 
ever the pathologist is unable to make a diag 
nosis and subsequent excision of a node is 
necessary When malignant lymphoma is sus 
pcctcd a surgical excision of a lymph node 
should be the immediate decision rather than 
aspiration biopsy When several enlarged 
nodes are present it may be helpful to the 
pathologist if a small node is submitted along 
with a large one The small node may show 
the initial process without secondary mfec 
non or necrosis that so often is seen m large 
lymph nodes 

BRONCHI AND LUNGS 

Tissue from lesions m the bronchi and 
lungs may be obtained by ( 1 ) bronchoscopic 
biopsy (2) aspiration (needle) biopsy (3) 
tissue that may be coughed up or expectorated 
by the patient (4) exploratory thoracotomy 
(5» aspiration of exfoliated cells that may be 
found n bronchial secretions or pleural fluid 
and (6> examination of sputum 

Bronchoscopy is the greatest single aid but 
because some tumors may be located in in 
accessible regions the bronchoscope has its 
limitations The mam or primary bronchus js 
the site of the primary growth in about 80 per 
cent of all cases According to Noms in a 
senes of 310 cases of proved cancer of the 
lung the right upper lobe was involved in 63 
cases and the left upper lobe in 40 cases Post 
live bronchoscopic biopsv was oblamcd in 37 
of the 63 cases (58 7 per cent) involving the 
richi upper lobe and onlv m 13 cases (32 6 
per cent) of the 4(1 involving the left upper 
lobe Of the seven lesions located in the richt 
middle lobe four positive biopsies were ob 
Uined (^7 0 per cent) On the other hand of 
61 ksions liKaied m the stem or main bronchi 
on cither side positive biopsv was obiained 
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m all cases of 70 eases with lesions m the 
right lower lobe 62 positive biopsies (88 6 per 
cent) were obtained of 44 cases with lesions 
in the left lower lobe 38 positive biopsies 
(86 4 per cent) were obtained An analysis of 



Fig i 16 TK4 tpK«ri«a( (n«tt in th« («tl upptt («b« 
wfli aipiraltd undtr ro«ntg«noi<opi« gvidon<e and $•< 
feni ot the aspirated material w«r« r«part*d at coro 
noma Branchoicepy did not r«v«al any litsw* from 
which a ipocifflon cavid b« obtainod 

the method of biopsy m these eases revealed 
the following 


Cases Per Cent 


1 By bronchoscopic biopsy 

221 

71 3 

2 By aspiration biopsy 

45 

14 5 

3 From study of pleural 



fluid 

12 

39 

4 Lymph node biopsy 

12 

39 

5 Cytologic study of 



sputum 

2 

06 

6 Exploratory thoracotomy 

9 

29 

7 Biopsy through the 



thoracoscope 

1 

03 

8 Autopsy 

8 

27 


Aspiration Biopsy of Lung Tumor 

For the lesions that are inaccessible to 
bronchoscopic biopsy aspiration biopsy has 
been used successfully onl> in those eases in 
which other methods have failed At Temple 
University Hospital 217 needle biopsies were 
performed on lesions in the lung between 1936 
and 1947 [41J A positive diagnosis of pulmo* 
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nary carcinoma was obtained by aspiration 
biopsy in 135 eases (61 per cent) Sometho 
racic surgeons, namely Ochsner Holman and 
Ovcrholt, have voiced strong opposition to the 
use of aspiration biopsy in lung lesions This 
opposition IS based primarily on the conten 
tion that the needle biopsy procedure may 
spread tumor along the needle tract We have 
never observed this complication Rosemond 
and hts associates report that of 19 patients 
in whom a needle biopsy was done for cancer 
of Ihc lung 8 arc still living from one to five 
years after operation without evidence of re 
sidual recurrent or metastatic tumor and 
eleven patients who died revealed no evidence 
of any spread a’ong the needle tract 

For aspiration biopsy of a lung lesion the 
patient IS placed in a horizontal position The 
site for the introduction of the needle is care 
fully selected after roentgenographic and 
roenfgcnoscopic study Sometimes a deep 
seated lesion is equidistant from all the nearest 
skin surfaces as for example m hilar tumors 
m which ease one approach may be preferred 
because of less danger of injury to important 
adjacent structures In such a case the roent 
genoscope is particularly useful m selecting 
the safest avenue of approach (Figure 6*22) 
The center of the mass is then localized on the 
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skm surface The skin is prepared with a suit 
able disinfectant and 1 per cent procame is 
injected into the skin subcutaneous tissues 
and pleura The position of the needle and 
tumor are carefully checked roentgenoscop 


Sputum may be examined for cells that may 
have been shed from the surface of the 
bronchi Pleural fluid may also be studied for 
cancer cells The cytologic study of pleural 
fluid by the cell block technic will reveal 



Fig 6 20 Molt in left h lor region The intet it the bronchogrom 
of the left bronchut demonitroling the ditplocement of the wpp«r 
tcbe bronchut ond irregulorily in itt outline Bronehoicopy wot 
performed and diiplocement wot noted but no tumor tittuo wot 
obtained The matt wot then otpiroled under fluoroicope guid 
an<e and the oipiroted maiernjl wet reported at carcinoma (from 
J V Btady [6) ceurfeiy Americon Tournof of Roentgenology 
Rodium Theropy a d Nucleor Medic ne ) 


ically m the lateral and anteroposterior or 
postcroantcrior positions and if the needle is 
found to be m line with the lesion it is ad 
>anced into the substance of the tumor 

Expectorated Material 
Not infrequently patients with cancer of 
ihc lung mas expectorate solid pieces of tissue 
'‘Ne base obsersed this on several occasions 
Ibc coughed up specimen is treated as a bi 
opsv specimen and is prepared for study in 
the usual manner 


tumor cells m about three fourths of the pa 
tients with carcinoma involving the pleura 

Exploratory Thorocotomy 

Exploratory thoracotomy should be per 
formed with dispatch sshen a diagnosis can 
not be made by other methods 

ESOPHAGUS 

The csophaccal tube can be visually studied 
With the csophatoscope throuch which a bi 
opvv specimen can be obtained 
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STOMACH 

A biopsy m cancer of the stomach is rarely 
possible Tissues may be obtained through the 
open end gastroscope with long biting for 


r 



Fig 6 21 This smell spherical tumor vras found in the 
posterior portion of the lung on e routine exommotion 
in a Cevolry officer Venous Climcol diognoses seeh at 
Olondors diseoso cancer and chondromo were pro 
posed Because so much Interest wos aroused the 
offeer became worried and wonted the diagnosis settled 
Under fluoroscopic guidonce o successful aspirolion 
biopsy was done The obove roentgenogram shows 
Iho needle |uit piercing the mess The tissue obloined 
showed normal cortilogo 

ceps In all cases where there is clinical 
roentgenologic and/or gastroscopic evidence 
of a lesion in the stomach an exploration is 
urgent 

INTESTINE 

For lesions of the small intestine surgical 
exploration with resection of the lesion is in 
dicated The exact histologic nature is deter 
mined after surgery 

Lesions of the colon except for the sigmoid 
portion must be explored Sigmoidoscopic 
examination is not difHcult Specimens are 
taken with the sigmoid biopsy forceps Care 
should be observed that part of the base of 
the lesion is mcluded m the specimen It is 
recommended that a total excision of all poly 
poid growth be made for histologic study 
Such a biopsy requires a surgical procedure 
whereby the bowel is explored through a pen 
neal approach and the lesion is completely re 
moved If this polyp is proved to be benign on 
histologic examination the procedure is'cura 
tive if on the other hand it is a malignant 
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tumor then further radical surgical procc 
dures arc indicated 

RECTUM 

All rectal lesions should be biopsied All 
polypoid growths should have specimens taken 
from the base as well as from the polyp These 
biopsies arc best taken with biting cup forceps 

ANUS 

Biopsy specimens may be taken with the 
biting forceps or by the incisional method 
from lesions of the anus If a melanoma is sus 
peeled the lesion should be removed by wide 
surgical excision under general anesthesia 

LIVER 

The liver may be studied histologically by 
means of a wedge biopsy at the time of ab 
domtnal exploration or by needle aspiration 
In recent years needle biopsy has become in 
creasmgly popular for the histologic examina 
(ton of liver tissue 

The indications for needle biopsy of the 
liver are 

1 Any problem of liver dysfunction 

2 Hepatomegaly of undetermmed origin 

3 Primary or metastatic neoplasm of the 
liver 

4 Hepatic cirrhosis 

5 Unrecognized systemic diseases of the liver 
The site of biopsy is determined by the 

physical conditions found on examination If 
the liver is enlarged the needle may be in 
serted through the abdominal wall Care 
should be observed that the puncture is made 
at least about 5 cm from the palpable edge of i 
the liver This may obviate perforation of ab 
dommal viscera By pointing the needle oh 
liquely toward the head of the patient the 
danger of visceral perforation is minimized 
A small liver is approached transpleurally 
m the right anterior or midaxillary line For 
this approach the liver dullness should be 
marked out during ordinary respiration either 
in the anterior or midaxillary lines 
The aspiration needle is inserted through a 
small incision and the patient is asked to in 
hale and exhale deeply two or three times He 
IS instructed to hold bis breath at the end of 
expiration and the needle is then inserted a 
distance of approximately 6 cm through the 
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chest wall (2 10 3 cm into the substance of will occasionally render *1 diagnosis arousing 

the h'er) and the biopsy is aspirated in the suspicion of a malignant tumor Kidnes 

usual manner If tissue is not obtained the tumors are often diagnosed on clinical and 

procedure is immediately repeated until def roentgen findings Exploration is necessary and 

mite tissue IS obtained if a tumor is found the kidney is remosed 



fg 4 33 Th I «<K«mai>e 4 agram of tK« Isiorot tStti lnd<el*> *em* of iho dilC 
<vlt«f of form g on otpiroion b opty on tmoll end d«tp-t»o>(d o t A 
<ni Riott « luoiod Ql 6 cm from Iho (bn turfoco hot o pormiiibtc engU of 
d«* 01 on ol 24 j ot to cm 15 j ond oi 15 cm o V tb lb i prtwppetot ibei 
ib« oiacl CO tor of Ibo tgmor it torofoUjr pro|OCtod end local tod on tbo ikin turfoto 
It It onlf reroty pen bU bow* or to locol to ibo oxect contor of e tvmer moii on tbo 
iVm (vrfoco and ovon Ibon ony tl gbt occ donrel me ng ef tbo pet o I will ckango 
tbo contor on tbo tl n tgrfeco A mott 3 cm In domoior hot on pnglo of do lol on 
ef only 9 et 10 cm and only 4 et 15 cm Tk i rood ly otploini hew oei Ty o Ihtr 
O imetl molt or ono loco'od el m«f« then 10 cm from Iho lurfoco moy bo miiiod by 
tho oip rot ng noodlo untoti iho procodvro It porfermod w th flweroicep c ed 
(from J V Blady [6] cowrfofy Amor ton fowrnof ©f Boo tgonelegy Bod om Thoropy 
o d Nvefoor Worf t no ) 


CompliviiionN followinc aspiration btops' 
tna\ he minimal if there is proper selection of 
the patient ind prcbiopss estimation of pro- 
thrombin lime Safdi and css-workers |41J 
were sxieccsstiil m dsmonsiratinc neoplastic 
tissue in 41 of pjiients 

PANCPEAS 

Dincfcntialii n between pancreatitis and 
can cr is difluvilt 

riONEY 

H>ip»s p*i\\ an unimp* It ml ptil in the 
t-ai SIS of ili»ease\ I the li t-tess C sti>lo"ii. 
' Jj es * I ihf uiine seihairnl n 1 1 n aspiral J 
ffi tlic hivJ-'k pelvis and orctc* 


I ro/cn section studs is rarcK done A NSilmss 
tumor should not be hiopsted 

BIAODER 

Cystoscopic cxamtniiion of the bladder is 
most imporiani A biops\ can be taken rcadils 
with special forceps ihrout^h the cystoscopc 
Papillars tumors that mas appear hcni'm 
should be biopsied before thes arc treated bs 
fulguration \!ans so-callcd bcni'-n papiIJomas 
of the bladder treated without benefit of a 
blips later are shown Isa recur and are dia- 
mned c n bi pss as a malmnanl papd’s ma or a 
frank carcin<*nia 

If satisfaiii fs It sue cann t be o*"la!''f J 
ihriuch tt e tss Swipe sup apu^j> ctpWa 
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tion IS justifiable for biopsy purposes and 
treatment 

PROSTATE 

Because of its position, biopsy of the pros 
tate gland may be done by needle aspiration 
transurethral resection, or surgical cxplora 
tion 

Needle aspiration has many advocates In 
the large inoperable prostatic cancers aspira 
tion biopsy is a simple and important procc 
dure as it substantiates the clinical diagnosis of 
cancer and justifies the use of proper thcra 
peutic measures Goller devised a needle with 
a small cutting screw on its point Ferguson 
used a special 18 gauge needle the HolT 
man punch has been used for this purpose [24] 
The procedure of aspiration biopsv of the 
prostate is as follows The needle with the 
obturator in place is inserted through the pre 
pared skin With the finger m the rectum the 
needle is guided into the region of the prostate 
to be biopsied The obturator is removed and 
the aspirating syringe is attached for the aspi 
ration 

Transurethral resection is indicated if there 
is urinary obstruction associated with prostatic 
disease Tissue obtained by this means if not 
so small as to be affected by the heat, may be 
adequate for diagnostic study Suspected re 
gions within the prostate may be biopsied by 
this method if while doing the resection an 
examining finger is inserted into the rectum 
to direct the loop to the focus in question 

TESTIS 

Patients thought to have neoplasms of the 
testicle are admitted to the hospital imme 
diately for orchiectomy Surgical or aspiration 
biopsy procedures are not advised If tystic 
tumors are found an aspiration may be per 
formed 

PENIS 

The diagnosis of a penile cancer is estab 
lished by incisional biopsy If phimosis is 
present a dorsal sht or circumcision mav be 
necessary to expose the lesion 

UTERINE CERVIX 

Any area that bleeds after a pelvic examina 
tion or after sponging of the surface of the 
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cervix With cotton should be biopsied 
The squamous margin of the squarno 
columnar junction is the point of origin of 
the common squamous cervical cancer In an 
effort to afford a thorough examination of this 
region, circular biopsies have been employed 
Scheffey advocated the use of a cold knife m 
doing the circular or cone biopsy Ayer de 
vised a surgical cone knife for this purpose 
By this means the removed collar of tissue 
could be examined by multiple biopsies or by 
embedding the entire collar of tissue in par 
affin and doing n serial section study 
Gusberg devised a special cone curet which 
permits the circumferential removal of a spec 
imen The procedure of obtaining the spec 
imen by this means is simple The cervix is 
steadied with the tenaculum and the snugly 
fitting cone curet is pushed into the canal 
about 1 cm beyond the external os The cut 
ting cups are closed >\ith a rapid slightly 
twisting motion This removes a circuraferen 
tial piece of tissue that includes the squamo 
columnar junction B> means of this curet 500 
women over 35 years of age who had no 
symptoms or lesions suggesting uterine can 
ccr were examined by Gusberg Intraepithelial 
carcinoma was discovered in 10 cases and 
basal cell hyperplasia in 1 0 other cases 
Foote and Stewart [19] have demonstrated 
that if biopsies are taken from 12 3 6 and 9 
o clock positions the possibility of mtssmg an 
in situ carcinoma is reduced to a mmimum 
Each specimen is placed m a separate tube 
and labeled to indicate its site Bcecham and 
Emich [5] have followed this method In 2 145 
cervical biopsies from January I 1946 
through September 1 1951 invasive cancer 
was found in 107 cases and nonmvasive can 
cer in 21 cases As it would be physically im 
possible to biopsy all cases seen in a clinic 
they use the following criteria to aid them m 
selectmg the cases for biopsy (1) any lesion 
that demonstrates the slightest bleeding on 
sponging with cotton at any age level (3) all 
cervical lesions m women over 35 years of 
age before treatment is instituted (3) all 
cervical lesions that arouse suspicion in the 
examiner s mmd even though there are no 
signs of traumatic bleeding 

TTie true value of smear diagnosis m the 





SuiTT^ c Tonti^ ^as? 
ur:rr:iTr -n '*■ 'c“i • 


-w Vv* 



UTcTjS 

1= cs^'sr* c* 

bc7^^ tj. vl!: i*'s o-** 0 WN-* iJ ir' p'\'* 
ced-t Fo” a d^cxtvwn \( 

Cite* (L_~c^ ibe rvaJ ' i< re'v.Tv*^ to 
Chap tr " t'% P-pan •X'’aou and \ oot 

BREAST 

A htop\\ of a breast tumor o\t\ K p».r 
formed b\ the folIo\'in 5 m«.ih<Hls f I ) 
biop?\ and immediate froren ^Mton examine 
tion (2) excjsion of the whole tvimor and im 
mediate frozen section and (T) nxpintion 
Haacensen \2ll adsocaus th<. fsdUwsmv 
method 

We cut down (lirectl> upon the tumor nml 
excise a small nedec Tlic whole tumor Is m>i 
excised unless it is >er) small thit K less thiit 
2 cm in diameter or unless ns the slmwtion 
develops it is obviousl) seen to be n c>sl or « 
fibroadenoma If frozen section shows carnnoma 
radical masteclom} is performed If ns is sonic 
times the case the first specimen fills to ylsKI « 
diagnosis another is removed If the pilholopst 
IS still unable to maVe a diagnosis liter studying 
several specimens he asKs the surgeon to tiosc 
the wound and wait 24 hours for nn opinion 
based on permanent sections 

In many clinics the entire tumor is rcniovril 
as a local excision and sent to the Uhor dory 
for frozen section study While willing for 
the report the wound is carefully closed If llic 
report is a benign tumor the operation is ton 
eluded If on the other hand a cancer /? dug 
nosed the patient is completely redraped the 
used instruments arc discarded and Ihc op 
crating team regowns and regloves before 
commenang a radical masfcctorn/ 

Asp ration biopsy has been ad/oesfed by 
some aid especially the Memorid ffcnpifil 

roup Obers ba/e ad/an,cd cnficrsins be 
cause of possi-le fai'j es in oh iinmi repre 
sentatj/e fmcc {■/ t?n r-rhe J fn nur 

CXpe-ie^ce ^Sp a a'*' h r P' f*-' rrhn I c^n 


C'O-'Cs V S' O \ N V ' sW'-v V \ 

x\.V ixs i S\ >»'b' « ‘ s ‘ s N S'* \ 

sr v' s \\ s« s '\\\l bs' 
-MT'M-X \ « V A X" 

S'* VNN s'* 

^Cv\i: 

V'vss V \ N^'X vVSx vtd\'v 
"J'* V is t s MS t • ‘vS 'I \'l X \ "\' vd 
O N Cs s, VI \\x IS Mhsh 'S'UM K \hv' t\ 

S VN s'* «l\ S'l t‘' MWvVsVS V\h»' V\ U' 

ts ts s * h’ X tu'duMtt Ul txUl'vsl h\\ 
\stUM»W\Sl b\>'p'S iwvs l\\ 

ntli ds' tNhUux th\ ptlMdS ihMVvV vd 

tl«\ tkV fkW' 

Hk bup'S I'l l''u» mts U I till, i stuMvO 
or s'pustu'it llu Mtifivtl shoul»l ,tl 

v\i\x U ui suUd ttx tuv opailUht ol mvbn 
mipoilutv' mtd shotiUI It iMliMUhvl hv llu 
Mtrus'tt "ho Is lo lilts \*ul Ihv' liUi llsitl 
nuiit lo Du piDiolinlsI Du' Mopss hhis liol 
K dimms'Di ssiDuuil iltiiUiil diln liholulois 
ilumU il stsulUs «ml is Dioiihiids iisid 
gsiioirnphis cMiiiilitiitli'ii It Is l|h|hliDlSt' 
itHirtoii lliiil llusi siiullis lu lOiniDi'lt it itihl 
tint Die Hops) lu' Du' hoi iiiut toi«i|i|i'llii|i ('lo 
(iduri in isiiihllslilni' Du ttliijtiuols 

Axplintlois blojos Is luhn'liihlt lo nil IsjM's 
of bom loinnis isii|il Diioi In islihlt Dii< 
uitiior is {lu|ilv sitiiiiiiil iinil siiinniintti) Id ii 
zom of iioniiiil liDiH Diiinipti sslihlillii niiilli< 
cniiiiol hr itiitih In pi lu Unit 

lot Du lopiiuUim ol liniu Iniltuis tml 
ritidlly loiidUul Us niilltinis plisstuil iSniii 
IfiiiDoo th< sill Ilf (iiltiiiliil jMiiitliiii mill 
projHt dlittliiiii of lilt fhdtit nil itilmniliiMl 
by tnrifiii foHitpMiiigtii|iliii mill ii'tiil/'iiiM 
sioptc study in iifhiiis snili ns lln in nd ii( 
rictf of Iht ftiiiiti lln pMllUi ui |ih|||m(i iiI 
n body of H V( III Inn (0|ilMil|(m lilopsy iiiii|i» 
rocntgirioscopk piiliImM Is n snfn niid Mm I 
procedure It iiiiv In mlvmilnpMnis In fiiiitf 
COM In ehtl tin slfi fin Mn liitmilii' Ihm of 
the neetf/e JnIn fin fniinn wind llm (nun 
shows evid’-uie of il'sf/il Ihm nt of (hultiH, 
IS Ibis sde vdll I ' ro(/l flm in » i||» (o In* Inito 
du'-ed Jfifo fb*- frjnnn M«‘-lf wlflnmf iiii'tiu lUf 
ficidty Ibis \ ts j f-Jf il'-nion finf>-i| in onn hi 
our Cf es of t f^ ? n ht fh'* fim I ol Ih*- hinill, 
v/hi'-h tio i-d 111 itf-i of I nl(olnii*/(i y In ||/< 
corf^rfbl fh'- fiMttngM/'-MlIn 1/0(1 In '•/fid 
fbrmrrb ifr 1 f ' f r {'•(f of (l((- ||,!jli tdio/i 



92 

the greater trochanter By adducting the leg 
medially the lesion was satisfactorily cirposed 
and aBer ascertaining roentgcnoscopically 
that the needle was m the lesion the aspira 
tion was performed A diagnosis of osteogenic 
sarcoma was obtained on this smear 


Snyder and Coley reported a series of 568 
aspirations m 474 individuals There were no 
immediate complications, no late sequelae 
nor any evidence to suggest that this diagnostic 
procedure had encouraged the development 
of metastasis Such various tumors as osleo 
genic sarcoma endothelioma (Ewings sar 
coma) reticulum cell sarcoma of bone giant 
cell tumor metastatic carcinoma Hodgkin s 
disease inflammatory disease of bone bone 
cysts and other bone conditions such a:* 
Paget s disease lipoid histiocytosis and in 
flammatory disease were aspirated In this 
series of 474 individuals a diagnosis was made 
in 268 cases In an additional 80 cases tissue 
was obtained which howeser was not specific 
and a diagnosis could not be made In 121 
cases the aspiration yielded insutflcient tissue 
for a diagnosis In five cases of malignant 
tumors the aspiration showed benign tissue 
and m one case of benign tumor the aspiration 
was reported as showing cancer tissue (48J 

BONE MARROW 

Bone marrow biopsy is a necessary diag 
nostic prerequisite m all hematologic dis 
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orders It is especially helpful m the study of 
*incmia granulocytopenia, purpura and in 
the difTcrentiation of multiple myeloma, lym 
phosarcoma, and the leukemias 
The icchnic of bone marrow aspiration is as 
fol'ows The patient is placed on his back Fhe 


upper portion of the sternum between the sec 
ond and the third nb is considered the site of 
choice After thorough skm cleansing the site 
of puncture is infiltrated with 1 per cent prt^ 
came including skm subcutaneous tissue and 
penosteum . 

The bone marrow biopsy needle is either o 
16 or 18 gauge short beveled and 0 75 to 
1 25 inches long It should be provided with 
a guard that can be set to limit the depth o 
puncture The skm over the site may be m 
cised to facilitate the introduction of the 
needle With a rotary motion the anteriw 
bony plate of the sternum is punctured A 
distinct give is felt when the needle enters 
the marrow cavity The stylet is removed and 
a I or 2 cc dry syringe is attached With 
slight suction a small amount of bone marrow 
IS aspirated Large amounts may cause di u 
tion of the specimen with blood The woun is 
then covered with dry gauze 

The trephine method removes a button o 
bone with attached marrow and requires a 
skin incision and exposure of the sternum a 
the site of the biopsy Turkel and Bothell hav 
introduced a special trephine needle m whicn 
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a plug of bone marrow is obtained with the 
simplicity of the aspiration needle 
From the material obtained by either 
method several thin smears are made and the 
rest of the specimen is then placed in a pre 
servalive or prepared according to the direc 
tions of the pathologist or hematologist who 
IS to study the material submitted 
In 1947 Rubinstein [42] pointed out the ad 
vantage of aspirating bone marrow from the 
iliac crest because this region is less painful 
to the patient and safer because of the ab 
sence of important structures and organs that 
might sustain injury and because this proce 
dure causes the patient less apprehension than 
when the sternum is punctured (cardiac area) 


LYMPHATIC SYSTEM 

Examination of the peripheral blood by 
means of the routine blood count with blood 
smears is always indicated m suspected dis 
ease of the hematopoietic and lymphatic s)s 
terns 

When a lympliomaious disease is suspected 
aspiration biopsy should not be done on a 
lymph node The entire node should be re 
moved This will enable the pathologist to 
study the architecture of the node as well as 
its cytology It is advisable whenever possible 
to choose a node m a region other than the 
groin The inguinal region normally may con 
tain varying sized lymphadenopathy of mflam 
matory origin 


SPLENIC ASPIRATION 

Aspiration biops) of the spleen is con 
sidered to be an innocuous procedure when it 
IS limited to aspiration of large spleens that 
can be readily approached by the abdominal 
route Bleeding and perforation of the gastro 
intestinal tract have been reported as compli 
cations of this procedure Morrison and his 
CO workers noted no complications m 105 
splenic aspirations [34] 

The procedure is the usual aspiration biopsj 
Icchnic using a 20 gauge needle The aspirate 
can Cither be studied as a smear preparation 
or put into preservative and prepared as other 
biopsy material is prepared for histologic 

^lorrison and his co workers reported that 
the peripheral blood studies alone in the 105 
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cases in which splenic aspirations were per 
formed yielded a positive diagnosis m 29 cases 
The bone marrow and peripheral blood com 
bmed yielded a positive diagnosis in 32 cases 
while the splenic aspiration the bone marrow 
and peripheral blood combined yielded a 
positive diagnosis m 102 patients 

BRAIN 

The diagnosis of a tumor of the brain is 
based on clinical findings x ra) examinations 
including encephalograms eleclroencephalog 
raphy and spinal fluid studies At exploration 
a biopsy may be taken or the tumor is re- 
moved and then submitted for histologic 
study 

In 1930 Cushing and Eisenhardt introduced 
the supravital stain technics for the diagnosis 
of brain and spinal cord tumors In this lech 
me the fresh tumor tissue is not allowed to 
dry but is stained while still wet The tissue 
IS covered with a cover slip and the edges are 
sealed with Vaseline Thus the microscopic 
examination is made on wet tissue 

More recently a dry smear technic has been 
used in several clmics [33] This technic is the 
same as that emplo)ed m the quick smear 
method for aspiration biopsy The fresh tumor 
tissue is smeared between two glass slides It 
IS allowed to dry in air or it ma) be dried 
rapidl> over a flame The smear is then 
stained with a solution of eosin for ten sec 
ends and counterstained with methylene blue 
for fifteen seconds The smear is then given 
an acetone alcohol wash dried with chloro 
form cleared with toluol and mounted with 
balsam It ts ready to be studied m a matter of 
several minutes 

FIBROUS TISSUE AND FAT 

Biopsy of tumors in these tissues may be 
done by the aspiration method or by cx 
ploration through an incision and removal 
of the entire tumor for histologic study 

EDITORIAL NOTE 

The tcchnic utilized by us for biops) of 
tumors of the soft somatic tissues combines 
the biopsy performance with the institution 
of definitive surgery at the same operative 
sconce The procedure was developed m the 
hope that dissemination of tumor cmboli 
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resulting from the trauma of the biopsy 
could be held at a minimum The method is 
as follows A tourniquet is placed proximal 
to the lesion an incisional biopsy is per 
formed and a frozen section studied If the 
report is a benign tumor a local excision 
IS effected and the tourniquet removed If the 
report is sarcoma a wide resection is com 
pleted and if an amputation is necessary, 
another tourniquet is applied proximal to the 
one ahead) present and the amputation is 
effected between the tourniquets This pro 
cedure has been adopted because of the 
observation that following the trauma inci 
dent to local excision of certain sarcomas 
the postoperative course is sometimes compli 
cated by the presence of pulmonary symp 
toms In these cases chest roentgenograms 
reveal patchy mottled areas that are diag 
nosed either as bronchopneumonia or pulmo 
nary mfarcts These patients usually return 
at later dates with definitive pulmonary 
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metastases present at the very sites where the 
postoperative roentgen appearance of the 
lung lesion was due to tumor emboli 
showered there as a result of the surgical 
trauma to the primary neoplasm The tourai 
quel biopsy and amputation are performed 
m an attempt to prevent the vascular spread 
of such embolic showers 
A technic has been developed by Joseph 
Greenberg* of scanning with isotopes (radio- 
active lodmatcd scrum albumin) certain or 
gans (the liver) to determine the site from 
which a biopsy should be taken He has ob- 
served that neoplasms concentrate a sig 
nificantly increased amount of radioiodme 
and by using this site of increased concentra 
lion as a guide for needle biopsy he has 
obtained a 95 per cent positive histologic 
diagnosis 

Greenberfi J Itadlol«olope Scanning as a 
Guide to Needle Biopsy of the BUer A>n J H 
1 13S7 
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The Examination of Exfoliated Cells in Tumor 
Diagnosis 
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GENERAL CONSIDERATION OF 
THE METHOD 

Morbid exjoliatne cytology is the term 
chosen to represent the diagnosis of pathologic 
conditions through the examination of cells 
exfoliated from surfaces or superficial lesions 
in contrast to that of sections of fixed and 
stained tissue which is pathologic histology 
If cells are exfoliating from a tumor they 
will become mingled with the secretion from 
the surface bearing it and as such can be 
fixed stained studied and diagnosed If they 
are not exfoliating a negative report will re 
suit and it should be stressed that such a nega 
tive report is no indication that the patient is 
free from tumor A smear may be best con 
sidered as a preliminary to a biopsy if it is 
positive One may be doubly sure by confirm 
mg the diagnosis by taking a biopsj Suppose 
however that the preliminar) smear shows 
malignant cells but no source of these (which 
could serve as the site for a biops)) can be 
discovered on direct observation How should 
one proceed? In the presence of two or more 
conclusively positive reports (Class V) on 
srnears and of strongly supporting clinical 
signs radical operation mav occasionally be 
indicated without the additional proof of posi 
ti'e biopsies 

With experimentation has come the devising 
of other methods aimed at the concentra 
tion of the cellular sediments for the prepara 
tion of cell blocks or at their entanglement 
•n the meshes of Gelfoam sponge (Gladstone) 
n Cither case sections are prepared and the 


cells examined m these sections rather than 
m smears In this chapter it is our purpose to 
dilate only on the preparation and interpreta 
tion of smears references to the other meth 
ods are listed m the bibliography 

An efficient cytologic diagnostic service can 
not be easily undertaken by the average bos 
pital pathologist as a part of his daily routine 
It requires at least fifteen minutes for the sat 
isfactory examination of smears from one case 
thirty or forty such examinations would con 
sume the entire time of a working day For 
this reason a laboratory of exfoliative cytology 
should be organized The equipment is com 
paratively simple and not expensive A few 
stains reagents and jars are all that is re- 
quired 

METHODS OF STAINING SMEARS 

Since there is no stain that is specific for 
cancer cells various staining procedures may 
be used provided they fulfill certain require 
meats Of these the most essential are (1) a 
good definition of the nuclear chromatin as 
changes affecting the structure of the nucleus 
arc most significant in cancer diagnosis (2) 
a differential staining of the various cell types 
encountered in smears and (3) transparenc) 
permitting the identification of overlapping 
cells or of cells embedded in mucus or blood 

Hematox) Iin-cosin stains the cytoplasm 
rather deepl> and docs not give good differcn 
tul c}toplasmic staining Single polychrome 
stains have the disadvantage of a relatively 
poor definition of nuclear details Papanico- 
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laous Hematoxylin OG6 EA3 6 method has 
been found satisfactory 

Staining of \agina! ccnical and endometrial 
smears (Procedure No 268}* 

1 After fixation m alcohol ether, smears 
are transferred without drying through 80 
per cent 70 per cent and 50 per cent alcohols 
to distilled water 

2 Stain m Harris hematoxylin’” for 6 
minutes 

3 Rinse in distilled water 

4 Dip in 0 25 per cent HCL (aqueous 
solution) 6 times 

5 Place in running tap water for 6 minutes 

6 Rinse in distilled water and run up 
through 50 per cent 70 per cent 80 per cent 
and 95 per cent alcohols leaving m each long 
enough to clear 

7 Stain in OG6' ’ for 1 5 minutes 

8 Rmse m 95 per cent alcohol 2 changes 

9 Stain m EA36*” or EA50'*' for 1 5 
minutes 

10 Rmse m 95 per cent alcohol (3 
changes) Dehydrate and clear by running 
through absolute alcohol a mixture of abso 
lute alcohol and xylol equal parts and xylol 
Mount directly from xylol with a cover slip 
using Permount gum dammar Canada bal 
sam or any other satisfactory mounting med 
lum still being careful not to allow smears to 
dry 

Staining of sputum and \artous sediment 
smears (Procedure No 267) 

(These smears must be handled carefully 
when transferring from one solution to an 
other as they wash off rather easily Smears 
will stick to slides better if fixed in alcohol 
ether overnight) 

Steps 1 8 Same as steps 1 8 in Procedure 
No 268 for vagmal smears 

Step 9 Stain in EA65‘*’ for 1 5 minutes 
Step 10 Same as Step 10 m Procedure No 
268 

Staining solutions 

I Hams hematoxylin is prepared from the 
standard formula using ammonium aluminum 
sulphate but omitting the glacial acetic acid 

The technics that follow were taken from the 
Instruction manual of I apinicolaou s laboratory 
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It is diluted with an equal volume of distilled 
water before using and filtered into a dark 
bottle for storage when not m use It should 
be reinforced by the addition of a small 
amount of fresh undiluted stock solution fairly 
often m order to maintain uniform staining 
results 


Orange G 0 5 per cent so 
lution in 95 
per cent al 
cohol 

Phosphotung 
Stic acid 
3 EA36 

Light green SF 0 1 per cent so 

yellowish lution tn 95 

per cent al 

cohol 

Bismarck 0 5 per cent so 
brown lution in 95 

per cent al 

cohol 

Eosin yellowish 0 5 per cent so 
(water and lution m 95 


alcohol sol per cent al 
uble) cohol 

Phosphotung ^ 

sfcacd 0 200 Gm 

Lithium car 
bonate sat 

urated aque . , ^ 

, ? 1 drop 

ous solution 

All stains used in these preparations are Na 
tional Aniline and Chemical Company 
fled stains The formulae for OG6 and EA3 
are taken from the article A New 
for Staining Vaginal Smears 
panicolaou Science April 24 1942 
also see Papanicolaou and Traut [2] 

4 EA50 is a stain comparable to t 

and may be obtamed already prepared fr 
the Ortho Pharmaceutical Corporation R 
tan N J or its distributors OG6 can also 
be obtamed from them . . 

5 EA65 IS the same as EA36 P 
the light green stock solution is half S 

(0 25 per cent) It has the advantage of c » 
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The Fxammalion of Fxfoliatcd Cells In Tumor Dlaj^nosis 


a lighter and more tnnsparcnl staining which 
IS dtsinble m smears containing much mucus 
The diflcrcntntion between the acidophilic 
and basophilic cells is better with the EA36 
(or EA50) which is more important in va 


Class IV Abnormal cells strongly sugges 
tivc but not fully conclusive for malig 
nanc) 

Class V Abnormal cells conclusive for 
malignancy 



Fig 71 Parophernolio for voginol ond ul«rin« eiploroi «n Clott pipelte loryn 
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gmal endocervical and endometrial smears 
Therefore EA36 or EA50 is preferable for 
vaginal endocervical and endometrial smears 
and EA65 for other types of smears although 
any of these stains may be used for all types 
of smears 

CLASSIFICATION 

In the evaluation of smears it is not always 
possible to reach a definite diagnosis There is 
an intermediate group in which findings arc 
inconclusive A classification of reports in at 
least three groups is thus necessary the posi 
five the inconclusive or suspicious and the 
negative In our laboratory a classification into 
five categories has been adopted This is as 
follows 

Class I Absence of atypical or abnormal 
cells 

Class II Atjpical cells without features m 
dicative of malignancy 

Class Ul Cells with abnormal features sug 
gestive but not fully conclusive for malig 


C asses 1 and 11 are considered as essentially 
negative Class 111 as suspicious and Classes 
IV and V as positive 

This classification offers two distinct advan 
luges It permits a more exact evaluation of 
findings in both the positive and negative 
groups A Class V report from a qualified cy 
lologic laboratory gives an assurance of prac 
tically 100 per cent accuracy Should one m 
elude all positive cases (Classes IV and V) m 
one group the accuracy according to our 
records is approximately 95 per cent 

In the negative group the subdivision into 
Classes 1 and II permits a distinction between 
Cases with entirely normal cytology (Class 1) 
and those characterized by the presence of 
atypical though nonmalignant cells as m 
chronic inflammations benign papillary or 
polypoid growths etc (Class II) Class V is 
the only dependable group 

The relative accuracy of diagnosis in the 
five groups of our series is approximately as 
follows 

Classes I and II from 75 to 90 per cent 
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Class IV about 95 per cent 
Class V over 99 per cent 
Class III m this group the expect mcy of 
true positive diagnosis is about 50 per cent 

FEMALE GENITAL SYSTEM 
Technics of Making Smears 
VAGINAL SMEARS 

Material from the vagina is usually copious 
and may be obtained from the posterior fomix 
with a slightly curved pipette (Figure 7 1), 
fitted with a rubber bulb The vagina must be 
m a resting condition no douche and no 
digital or instrumental examination should 
have immediate!) preceded the taking of a 
specimen The use of lubricating agents should 
be avoided The aspirated fluid is expressed 
onto a glass slide and immediately fixed in 
equal parts of alcohol and ether 
Material from the exterior of the cervix 
may be obtained by swabbing with a cotton 
tipped applicator as well as by aspiration, 
some operators prefer to use wooden spatulae 
others curettes to scrape off bits of tissue as 
well as cells from the surface of visible 
lesions 

ENDOCERVIX AND ENDOMETRIUM 
In order to exclude from the specimen cells 
from the vagina and its fornices a laryngeal 
syringe (Figure 7 1) may be introduced into 
the endocervix and later reinserted into the 
endometrial cavity and fluid aspirated success 
ively from these segments of the tract Cath 
eierization of the tubal ostia is also possible 
but more difficult In this manner the location 
of a carcinoma suspected after the finding of 
malignant cells in vaginal smears may be 
fairly accurately determined m the endo 
cervical canal or endometrial cavity 

Interpretation of Smears 
VAGINAL 

The majority of cells found in vaginal 
smears may be grouped into two representa 
tive types ( 1 ) the superficial squamous (2) 
the parabasal The first type includes both 
noncornified (basophihc) and cornified (acid 
ophilic) cells their relative numbers depend 
mg upon the stage of the cycle (Figure 7 2) 
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In the cornificd variety the nucleus is small 
and p)knotic The parabasal type (Figure 
7 3) is encountered more frequently in meno- 
pause and amenorrhea and includes cells de 
nved from the deeper layers of the vaginal 
and cctoccrvical mucosa Exfoliated cells of 
this type are round or oval and their nuclei 
are larger than those of the superficial cells 

Vaginal tumors include nonmahgnant epi 
dermoid papillomas and carcinomas In the 
former, smears would give comparatively little 
information, there might be an increased ex 
foliation of superficial cells that might show 
atypical features but these would be difficult 
to interpret 

PATHOLOGY OF CARCINOMA OF CERVIX 
AND VAGINA 

The first histologic changes consist m ir 
regularity of nrchitecture and of anisocytosis 
and amsokaryosis of cells m all or any of the 
layers of the epidermoid membrane Certain 
cells become enlarged their nuclei enlarge 
and may become multiple They will show 
hyperchromasia and atypical mitotic figures 
TTiickening of the nuclear membrane and 
of the chromosomes will be present to a var 
lable degree As the process develops there is 
first ‘atypia* , the changes are atypical hut 
not as yet definitely indicative of malignancy 
Such atypia may occur during pregnancy, 
when It appears to be a reversible phenome- 
non and to subside after delivery 

As these alterations continue however the 
matter becomes different Anisocytosis brings 
about disorientation of cells the orderl) prO” 
gression from the columnar or spheroidal 
basal type of cell through the intermediate 
forms to the squamous superficial cell be 
comes uncertain and one begins to note 
shuffling of the elements Basal cells may 
be extruded as several layers of simple un 
differentiated elements toward the surface, 
groups or single examples of them may come 
to he intercalated among cells of an inter 
mediate type Some of the elements may be 
come much enlarged and may include multip e 
or single lobulated and enormous nuc ei 
which are characteristic of neoplastic gi‘mt 
cells After all this has taken place but m 
vasion of the underlying supportive tissue 
cannot be detected anywhere we speak of 
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Fig 7 2 Three examptet of normol preeormfed and eornifled tquamous cells 


carcinoma in silu One should be very 
guarded m making this diagnosis unless the 
pronounced atypia and metaplasia just dc 
scribed are present 

CYTOLOGY OF EARLY CARCINOMA 
(PREINVASIVE) 

Smears from the vagmi or cervix harboring 
carcinoma m situ will show more subtle and 


less striking]} abnormal changes m their ele 
ments than would those from a case of full} 
developed invasive carcinoma Probably the 
first clement to excite suspicion is the dys 
kar\ottc cell m which the original cell tvpe 
IS retained but nuclear changes are prominent 
These changes consist of disproportionate 
nuclear enlargement distortion h}perchro 
masta and multinucleation These abnormal 



Fig 7-3 Croup of mixed superficiol squamous and parabasal cells from a meno 
pausal smear 
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The Examination of Exfoliated Cells m Tumor Diagnosis 



(Si 


Fig 7 6 Small cigtiar of malignont ealU from odvanced epidermoid carcinoma of cervix 


they satisfy all the criteria of malignant 
change (Figures 7 6 and 7 7) They will show 
abnormal outlines (e g tadpole or serpen 
tine) Smears from such carcinomas will also 
exhibit many distorted cellular elements The 
hyperchromasia and abnormal form and struc 
ture of their nuclei and the possible presence 
of enlarged nucleoli and karyosomes will dif 
fcrentiate them from any normal cells They 
ar“ found to be grouped and crowded into 


clusters in which anisocytosis anisokaryosis 
disorientation and hyperchromasia are very 
prominent and the boundaries of the individual 
cells indistinct or lost With deeper invasion 
of the tissues and their vessels and degenera 
lion of the neoplasm more exfoliation may 
be expected than would be the case in more 
compact normal tissue where scraping might 
be necessary m order to obtain a good speci 
men However those carcinomas which tend 



Fig 7 7 Gregp of d torUd mol g onl call* From odvonead ap darmoid carcinoma 
ef carvix ihow ng $erpa tina alongoton aid two atypicol mitotc fggrai 
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Fig 7 8 duller of normal endotervitol celU 

to invade the underlying tissue rather than to with basally placed nuclei As the endome 
fungate superficially will, ol course, show irium is approached in the inner extremity 

decreased exfoliation and may thus be over the mucosa goes over into a tissue closel) 

looked The appearance of the smear, then, resembling endometrial mucosa Thus two 

will depend largely upon the stage and direc types of carcinoma may develop (<z) epider 

tion of development of the tumor moid carcinoma and (Z>) adenocarcinoma 

In examining smears of the cervix the 
ENDOCERVICAL SMEARS ^tologist must first be acquainted with the 

The lining of the endocervix in its outer appearance of the normal exfoliated cells 

portions IS composed of columnar epithelium (Figure 7 8) The cells are relatively small 



fig 7 9 Cli,i$ter of endocerveal cellt shewing wllulor and nuclear hypertrophy 
alt ibuioble to subocule inflommoion 
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Fig 710 To illuttroie endocervical ««ll dyskoryosii 


and have a high nuclenr cytoplasmic ratio well difTcrcnlialcd In cpidcrmidization 

Branching complexes of rather large dense clumps of the new epidermoid tissue maj be 

cervical epithelial covering cells may often be come detached and exfoliate The endoccrvical 
*ccn in smears from cases of chronic endo cells ma> show a djskaryosis with nuclear 

cervicitis Cellular and nuclear hjpertrophy changes corresponding to those found m cells 

irregularity in form and more intense staining desquamating from the lower reaches of the 
niay also be encountered (Figure? 9) At first canal (Figure 7 10) in that case one must 

glance such cells appear to be malignant but seek further evidence of carcinoma in situ In 

an analjsis of their nuclear characterisiics will the cndoccrvjx this form of tumor rises near 

snow that they arc rcasonabl) uniform and the junction of the two t)pes of epithelium — 



F g 7 11 Vacwelottd *lrt^ t Fron c*nr<ot ed« 
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Ftg 7 Clutter «f floffflol tniomtinoi celt* recovered from a menstrual vaginal 
tmeor 


the epidermoid and columnar but it ma) dc 
velop higher up through metaplasia of the 
columnar epithelium 

In adenocarcinoma the exfoliated elements 
will be quite different from those m the cpi 
dermoid variety they tend to contain \8Cuoles 
of mucus and a basall) situated nucleus sug 
gesting glandular origin (Figure 7 11) They 
ma} be radially arranged in stellate clumps 


indicating papillarv overgrowth They are 
amsocytotic and amsokarjotic and eshibit 
hyperchromasia of their nuclei In the rapid'/ 
growing cnrcino/iia simplex there is an 
abuodantc of small complete!} nondescript 
cells with deeply stained nuclei As they 
resemble nothing in the normal cervix or 
vagina they arc bound to arouse suspicion 
but ihej must be carefully distinguished from 



F g 7 J3 Clutter typ cel of edenocoKifionM pf ulonn* fundus eerrettly d(ognoieii 
PM year befe e final confi /naTen 
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t * - 

fig 7 14 Cluiter of celli from odenocorcinomo of (otiop on lube recovered from 
cervical imear 


the small more or less cuboidal elements from 
exfoliating endometrium v-hich are not at all 
neoplastic 

CERVICAL POLYP 

This may exfoliate cells that arc well dif 
fcrcntiatcd and give little clue as to the exist 
cnee of a tumor There is a considerable 
increase m cxfolnting elements of cither the 


glandular or the mucous type or squamous 
parabasal variety 

ENDOMETRIAL SMEARS 
Exfoliated endometrial cells ma) occur 
singly or m clusters and arc normally found 
in vaginal or cervical smears during the men 
sirual bleeding They arc smaller than the 
cndocervical cells and because of their high 
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The Exammation ot Exfoliated Cells in Tumor D 12 
SOURCES OF ERROR IN DIAGNOSIS OF 
VAGINAL SMEARS 

The ubiquitous histiocyte is the cell that 
causes the most confusion m the mind of the 
beginner at exfoliative cytology It may be- 


of pure sputum or through bronchial lavage — 
in which case there will be some dilution with 
the fluid used for washing 

Sputum should be produced b) means of a 
deep cough one that originates low down near 
the diaphragm Mere clearing of the throat or 


Fig 7 18 Large group of epidermoid <olN from loryngeol corcinoma Note inter 
cellular bridgei or pricklei 


come much enlarged take on a rather intense 
Slam and assume some of the appearance of 
ihe malignant cell Histiocytes can usually be 
identified b) (a) vague cellular outline ib) 
'^cuolated cytoplasm possibly containing rem 
'’ants of phagocytosed debris or entire leuko 
c>tes and (c) nucleus that is well dilTcrenfi 
ated often shows a remform outline and does 
not vary m appearance from cell to cell It 
exhibits a Very small and inconspicuous nu 
c colus Histiocytes may on occasions display 
’’’uch enlarged nuclei and relatively prominent 
'’ncleoli that may cause considerable insc 
curity A, thorough search for transitional 
rrns among the more typical histiocytes in a 
*niear will facilitate their identification 

respiratory tract 

fdethod of Making Smears 

"^6 presence of malignant tumors m the 
^^^piratory tract may be determined in smears 
sputum that may be obtained in the form 


a shallow superficial cough will raise little or 
nothing from the lower segments of the tract 
nnd IS only practicable m the case of laryngeal 
or pharyngeal carcinomas (Figures 7 17 and 
7 18) Bronchial lavage is earned out through 
a bronchoscope by introducing 2 or 3 cc of 
normal saline or Ringer s solution through a 
catheter and then reaspirating this Often it is 
feasible to pump the fluid back and forth thus 
setting up currents that ma\ facilitate the col 
lection of more cells from the mucosa 

Sputum IS collected m 70 per cent alcohol 
by hiving the patient spit into a container 
partly filled with it when delivered to the 
laboratory it is already partially fixed and dc 
hvdratcd Masses of this material arc then 
smeared onto glass slides coated with egg 
albumin and glycerol and fixation is completed 
by submerging the smears in equal parts of 
ether and alcohol In the case of bronchial 
Wiashings the ispirafc is mixed with 10 cc of 
70 per cent alcohol as soon as collected and 
the resulting mixture centrifugated before 
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Fig 7 21 Hitliocyl** «( lung ( duit e»IU 0 


pear in the sputums of patients with bronchi 
cctasjs (figure 7 20) The former can be dis 
missed with mention the latter arc rcMI) 
confusing m the ease of cldcrl) patients m 
the cancer age These cells probabl) originate 
in alvcoh abutting on bronchiectatic dilata 
lions the) arc not found in the bronchioles or 
bronchi m sections hut have been mmutcl) 
described as being of aUcolar origin Tbes 


form clumps or clusters simulating neoplastic 
grouping Their nuclei nre intensely stained 
but fairl) well diITvrcntiatcd 

Histiocytes may be found in sarjmg num 
hers in connection with such conditions as 
chronic passise pulmonars congestion after 
inhalation of dust or particles of foreign 
matcnil or lipoid pneumonia The) are best 
recognized b) the presence of contained 
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Fig 7 23 Oot-«ttll tarcinomo of lung 


phagocytosed foreign material (Figure 7 21) 
In hpoid pneumonia the fat brings about 
striking vacuolieation of their cytoplasm 

BRONCHOGENIC CARCINOMA 
This group of carcinomas exfoliates readily 
into the bronchial lumina and may be diag 
nosed before it is visible on the x ray film or 
fiuoroscopic screen Tuo instances of carci 
noma in situ have been detected through the 


examination of smears In one there was a 
tmy ulceration of the bronchial mucosa 
grossly unrecognizable, in the other there was 
a small slightly ulcerated polyp from which 
cells were obtained by bronchial washing 13] 

AAAIIGNANT TUMOR CELIS IN SPUTUM 
AND BRONCHIAL WASHINGS 

Bronchogenic carcinoma is relatively easily 
recognized in sputum and bronchial washings 



Fg 724 Pleomorphic typo oF bronchogenic 





Tlic I xammalion of (xfolialcd Cells In Tumor Diagnosis 


ihc reason being that there is only i limited 
number of cclluhr possibilities in such ma 
tcrial (fl) blood cells (Z>) exfoliated tracheal 
or bronchnl epithelium usually ciliated or of 
the £obkt type (c> epidermal elements from 
the pharjnx md oral ca\it\ (d) pus and 
microorganisms Hence when large atypical 
cells arc present the) stand out in bold relief 
from the other familiar elements m the smear 
Not only ire they recognizable through the 
usual criteria but their appt-arance is sufli 
cicnth characteristic for one to diagnose the 
type of carcinoma from which they arose 
I pulcrmoul c«fci«om<i (Figure 7 22) ex 
foliates mans abnormal squamous cells that 
show a variable degree of kcratinization whole 
epithelial pearls mas be found as well The 
oai cell corewoma (Figure 7 23) is rccog 
nued hs the presence of small spheroidal 
elements not unlike lymphocytes but larger 
and with scry dark staining nuclei which arc 
apt to have a crenated or shrtsclcd appear 
ance Their oat shaped forms charactcnsticalls 
noted in sections arc rarely seen in smears 
possibly because of the tendency of all cells 
to become more rounded after exfoliation 
Pleomnrphic corcitwrua (Ficurc 7 24) ex 
foliates scry pleomorphic cells which arc 
easily rccoenized as such and thus lead to a 
definite diagnosis Aheolar enretnoma (Figure 
7 2^) sheds rather copiousls clusters or strips 
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of cells that may '^0 considerably in size 
and sometimes contain vacuoles and exhibit 
multiple nuclei The grouping of the cells 
reminds one of an adenocarcinoma Vacuoli 
zauon and eccentric nuclei arc characteristics 



fig 7 2S Alveolar caremamo of lung Note multi 
nu<ltaied cell at right 

by which adenocarcinoma mas be recognized 
(Figure 7 26) 

URINARY SYSTEM 
Method of Making Smears 
Urmars sediments of voided urine from 
women may be heavily contaminated bv vag 
inal elements therefore the specimen should 
be obtained by means of a catheter In men 
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voided urme is suitable for cxtmmiUon al 
though d catht.teri7cd specimen is more sitis 
factory Urinu is immediately mixed with 
equal parts of 95 per cent alcohol before 
submitting it to the laboratory there it is 


Diagnosis and Pathology 
identified by special investigation The patient 
should be requested to void a little urine and 
stop the stream almost immediately this is 
labeled Specimen No 1 Then the prostate 
should be thoroughly but gently massaged 



Fig 7 27 Atypical t«ll« ouoooted wilh T»nal celeului 


centrifugated and the sediment is smeared on 
slides coated with adhesive material The 
smears are then fixed in ether alcohol without 
being permitted to dry as maintenance of 
moisture m smears until thej are stained is of 
paramount importance 
A specimen ot urine from the bladder is 
analogous to one from the vagina inasmuch 
as it may contain miscellaneous cells from the 
bladder proper from the ureters or Kidneys 
or in the male from the prostate or seminal 
vesicles Thus it is necessary after positive 
findings have resulted from the prelimmars 
examination of smears of vesical urine to 
attempt to ascertain the origin of the sus 
pccted cells This is accomplished by the use 
of retrograde ureteral catheterization a specj 
men from the right ureter may show only 
normal celts while that from the left will 
reveal carcinomatous elements which must 
have come from a point somewhere between 
the debouchment of the left ureter at the 
tffgone and the pelvis or calyces of the left 
Kidney 

Cells from prostatic carcinoma may be 


which will occasion a flow of prostatic secre 
tion through the penile meatus this is Speci 
men No 2 and it should be smeared on slides 
and fixed immediately m ether alcohol 'ift* 
patient is next asked to empty his bladder 
completely which will wash out the urethra 
and recover cells which might have been re 
gurgitated into the bladder This is Specimen 

No 3 Finally a condom specimen of ejaculate 

may be obtained and some of this smeare 
and fixed as m the case of Specimen No 
In this wav there is a possibility of obtaining 
cells from the prostate which represents the 
sum of four procedures rather than one 

Interpretotion of Smears 
NONNEOPLASTIC ELEMENTS IN THE 
URINARY SEDIMENTS 

Unfortunately the lining of the urinary 
tract is one of the most frequent sites of me a 
plasia epidermoid metaplasia is common m 
connection with calculi glandular metap asi 
IS noted in longstanding pjeliUs 
(very rarelj) and cjstitis (most usually) 
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Ptg 7 38 Muh nueltated n«nmol gnont e«|lf frem ur»ttrol ea>h»f«ritahon 


IS most often met v-ith in exstrophy of the 
bladder Hence m eases where there arc 
stones the urine may present meiaplastic cells 
m smears that will mislead the cytologist into 
diagnosing malignant tumor (Figure 7 27) 
This mav be avoided by a careful study of the 
nuclei which will be found to be essentially 
normal and well dilTerentiated 
A puzzling feature is the occasional presence 
of giant cells sometimes so large that they 


contain fifty or more nuclei These arc quite 
unlike the classic foreign body giant cell 
They are Ucfinilely epithelial their nuclei arc 
precisely stained and spheroidal sometimes 
showing atusokaryosis and they possess Ocf 
mile nucleoli (Figure 7 28) Their cytoplasm 
though vacuolated contains little cellular 
debris Their source is yet to be determined 
They m no way indicate the presence of a 
neoplasm 



fig 7 29 Cube dol and «<jf 


ir cells extol ated from ben gn popillomg of blodder 
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f.g 7 30 of ocly pro.„vo..v. co«.«ono <.f r.nol p.Iv., detected by .mecr. 


tumors of the urinary tract 

Transitional Popilloma 


This tumor may he at any point between 
the trigone and the most rudimentary calyx of 
the kidney It is composed of innumerable 
frondhke papillae cosered b> elongated inn 
sitional epithelium Academically it is non 
malignant but so prone is it to recurrence and 
bleeding that urologists are wont to classify it 
as papillary caremoma Grade I Such a 


growth Will exfoliate large numbers of approx 
imately normal albeit attenuated transitional 
epithelial cells (Figure 7 29) In this case the 
cytologist must distinguish between desquama 
tion from a tumor and increased desquamation 
from an in/lamcd lining membrane 

Trcjnsitionol Cell Carcinoma 

This IS the malignant analog of the pap 
illoma just described it may be fairly well 
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Fig 7 32 Cluitcr from clear-c«lled cor< noma «f kidney recovered from ureterel vrine 


dilTerentiated or it may be pleomorphic and 
show many cytologic monstrosities (Figures 
^ 30 and 7 31) U very often undergoes ept 
dermoid metaplasia v.hich vanes m degree 
from the mere production of squamous cells 
to that of prickle cells or cornided elements 
Occasionally the epithelium becomes totally 
dedifferentiated and produces cells so primitive 
and spherical that they remind one of lympho 
cyies Almost all these types may appear m 


the urine after exfoliation They are fairly 
readily recognized and diagnosed m smears 

Reno! Cell Carcinoma 
This tumor sometimes breaks through into 
the renal pelvis undergoes necrosis and ex 
foliates characteristic cells but characteristic 
only to those uho have seen them in urinary 
sediments as they are not the vesicular clear 
cells With which the pathologist is familiar m 
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fig 7 3i Ce)li front ttoriyiol gosHic ntutoto (bolloon spscimen) 


sections Renal cell c^rclnomas often show a 
senes of cells ranging from small and gtanu 
lar to large and vesicular types (Figure 7 32) 
It is the former that appear in urinary scdi 
ments vesicular cells arc a distinct tanly lo 
this connection 

PROSTATIC CARCINOMA 
Prostaiic carcinoma may be tubular, large 
celled or small celled muUiacmar or alveolar, 
or epidermoid Carcinomas are not readily 
recognized as to type m prostatic smears un 


less they be of the epidermoid variet) (Figure 
7 33), but they may be distinguished from 
cancers of the urinary tract proper With ob- 
servance of the four specimen method " rve 
shall be able to recognize them earlier 

DIGESTIVE TRACT 
Methods of Making Smears 
STOMACH 

Methods have been devised to afford abra 
Sion of a gentle type that will detach small 



fig 7-35 ElangflUd iqgomeus uttt from «iophQg«al epidermaid eotcinofna 
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Fig 7 36 Atypical eelli from gsilric aden«carcinoma (balloon tpeeimen) One mitosis 
at bottom of field 


fragments of gastric tumor In this way much liver pancreas and biliary and pancreatic 

larger quantities of viable cells and shreds of ducts 

tissue are obtained (Figure 7 34) there is less 

fluid and greater concentration of cells m the tARGE INTESTINE 

sediment and interpretation is correspond Where biopsies are impossible on account 
mgly easier and more accurate of the high situation of an intestinal cancer 

saline enemas produce an unexpectedly large 
SA\ALL INTESTINES number of well preserved and readily identi 

By introducing the bucket on the Rehfuss fiablc cells from the colon and rectum The 
tube into the duodenum it is possible to re patient is given a thorough catharsis and put 

cover cells from carcinomas of the duodenum on a liquid diet for two days preceding the 



Fig 7-37 Extremely atypieol cell* from gasIrK adenocarcinoma (balloon »pecim« ) 
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admmntratjon of a high colonic enema of 
norma\ sahne solution Of the return from 
the enema 100 cc are mixed with equal parts 
of 9a per cent alcohol and centrifugated the 
sediment being smeared onto slides coated 
with egg albumin glvcerol adhesive and immc 
diatcly rcftxed in alcohol ether 

CELLS FROM THE ESOPHAGUS 
The esophageal mucosa is composed of 
stratified epidermoid epithelium with mucous 


glands opening through it at intervals The 
cells that exfoliate arc therefore chiefly 
epidermoid Smears of esophageal secretion 
afford a good means for the early diagnosis 
of carcinoma as they often contain many 
pearls and the highly Xer.iiinized elements As 
epidermoid carcinoma does not detefop in the 
stomach any gastric smear showing these 
characteristics should at once indicate esoph 
ageal rather than gastnc cancer 



f'g 7 39 Cells 


noomol gnant inlr<ulge1)te pop Homo in mammofy 
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Fig 7'40 Fragni«nt of oorly comodocarcmoma detected by meoni of smears of 
iRommAry iceretion 


Interpretation of Smears 
CELLS FROM GASTRIC TUMORS 
Two chsses of carcinoma might be rccog 
nized adi^nocarcinoma that fungates into the 
lumen and scirrhous carcinoma Fungating 
carcinomas exfoliate large numbers of cells 
into the gastric secretions and these cells are 
atypical and relatively easy to identify the 
trouble IS that so many of them arc digested 


by the gastric juice and become practically 
amorphous Mucous carcinomas exfoliate 
signet ring cells that do not strictly fulfill the 
criteria of malignancy as they art well dif 
fcrentiaied and regular m size and shape 
Scirrhous carcinoma usually produces only 
trivial areas of ulceration and hence exfoliates 
few if any cells With the use of the gastric 
balloon however much of this uncertainty 
has been eliminated (Figures 7 36 and 7 37) 
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Fig 7^2 Hiiliocyt«i from pleural esudote Note faniforin nuclei 


Gastric carcinomas that exfoliate usuiUy do 
not differ extremely from those of the cover 
ing layer of the gastric mucosa One must 
apply the criteria of malignancy very care 
fully before coming to a conclusion 

CELLS FROM COLONIC TUMORS 
Smears from centrifugated specimens of 
colonic and rectal washings may contain cells 
from polyps or malignant adenomas In the 


first case they will be present m large nuro 
bers and well dilTcrentiated In the second 
instance malignant looking cells may be found 
that have exfoliated from the surface of a 
tumor the pedicle of which is uninfiUrated by 
carcinoma Hence the growth is clinically 
nonmalignant On the whole hoviever the 
results of examining smears from colonic 
washings of patients with intestinal carcinomas 
situated above the reach of the sigmoidoscope 




fig 7^3 Three mesuthelial celt* fram peritoneal terous exudofe 
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Fig 7>44 Cells (ram mammary corclnamo from exudole In fileurol (nvily 


(where biopsy is impossible) have been nc 
curate The cells of colonic carcinomis (Pit 
ure 7 38) exhibit sufTicicnt aberration from 
the normal and enough metaphsii to make n 
positive diagnosis reliable If *i malignant 
adenoma is diagnosed as carcinoma after 
being detected through positive smears the 
surgeon may recognize it as such at operation 
and content himself with its local removal 


MAMMARY GLAND 
Method of Making Sinotiri 
Obtaining n Hptmucii slioiikl ho viiy eiito 
fully jKrformeil I liilil miiy he LxprcsNtil by 
gentle niiiiiipnlnliini or. bcticr, iixplfiilcil by n 
brcist pump tin hIiouIiI iilwnys be excfcbeil 
not to Inihilge In miisiii[c of the or^nii, iix llili 
might dclacli eclls Itilo the lyiiipliiities iitiil 
e lusc met istiisiH 
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Interpretation of Smears 

NONNEOPLASTIC SMEARS 
Fluid from breasts that are the site of 
chronic fibrocjstic disease or intraductal pap 
dloma Will often show cells that may be mis 
tcadingly atypical (Figure 7 39) Cysts may 


Diagnosis and Fathology 
piraflln and sectioned like ordinary tissue 
This is the ‘cell block method 

Nonneoplastic Smears 
There arc many sourecs of confusion lo 
these smears most of them dependent upon 
large numbers of histiocytes (Figure 7-42) 
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be aspirated with a needle and the fluid cx 
amined m smears Histiocytes often appear m 
the form of well organized clusters as »n 
chronic fibrocystic disease Here they must be 
clearly distinguished from malignant cells 

CARCINOMA 

As duct celled carcinoma (comedoearci 
noma) grows m the canals of the breast it 
naturally follows that it would be the most 
likely type to appear m smears (Figure 7 40) 
Deeply seated scirrhous carcinoma would be 
less likely to be detectable 

SEROUS FLUIDS AND EXUDATES 

Samples of these in a reasonably fresh stale 
should be mixed with at least equal parts of 
50 per cent alcohol or they mav be centnf 
ugated if still warm and very fresh then after 
centrifugation the sediment may be smeared 
onto slides and fixed m ether alcohol Scdi 
mcnl may also be fixed m the centrifuge tube 
and the resulting button impregnated with 


and exfoliated mesolhelul cells from A® 
pleura or peritoneum (Figure 7 43) 
former may be recognized by their good i 
fercntialion normally staining nuclei an 
faint vacuolated cytoplasm the latter ar® 
larger cells more compact, and are apt W 
present a serrated border zone that is is 
tinctive 

By the time that neoplastic elements have 
exfoliated into serous fluids diagnosis is> on y 
of confirmatory value the tumor has metas 
tasized widely on the pleural or 
surface (Figures 7-44 7 45 7 46 and 7 ) 

Nevertheless diagnosis is readily made F 01 
from a hydrocele has produced typically car 
emomatous elements in a case of embryon 
carcinoma of the testis (Figure 7 48) 


Other Fluids 

White ll IS possible to make smears ot llual 
roro the chambers of the eye the cerebrospi 
ral fluid and other such liquids results ba« 
lOt been encouraging Neural tumors o 
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The Examination of Exfoliated Cells In Tumor Diagnosis 
exfoliate readil), cells from ocular tumors are is always there and it would be a pity to dis 
difficult to recognize and to distinguish from courage the examination of any fluid produced 
pigmented normal elements The possibility by the human body 





Fig 7 48 Test cutor embryonal care naffla eitfolaling into 
hyd ocele flu d 
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which It can be confused on clmicil or his 
lologic grounds 

Neurobhslorms nrising m the periphcnl 
nerves appear to be more embryonal in nature 
than those discussed above, and arc more 



e«menl bord«ri of flat c«II« r«i«mbliflg 



Fg 8 2 Leplomen ng omo twelve doyj in vtro 
fxed in Zenker's flu d end stained with phosphetung 
jf e ocid hemata yl n A var ety of mesoblait c cell 
to mj 1 shown here following the general I nee of 
Monimows polyblastic system 


prone to grow out m the form of epithelium 
with T minimum of ncunlcs and these rather 
short protruding from multipolar cells The 
neiiroepilhclioina of peripheral nerves grows 
very rapidly, as a sheet or shelf entirely de 
void of neuntes Both of these highl) malts 
nant tumors of adults display their undif 
fcrcnliatcd character in vitro Conversely, the 
ganglioneuroma which gcncrall) follows a 
bentgn course in children produces well 
differentiated sympathetic ganglion cells much 
like those that grow out from nonncoplastic 
sympathetic ganglia These neurons are also 
accompanied by large numbers of Schwann 



:ells which are never seen m cultures from 
Ihe malignant embryonal types of ne 
tumors 

In addition to the solitary benign 
iheath tumors referred to above 
Jtout have also cultivated malignant neuri 
nomas which also produce ” 

Jchwann cells m vitro [83] This o se 
las made it possible to retire the 
>ften misleading term neurogenic sar ^ 
hat has been applied indiscriminately i 
lanety of spindle cell '^]ated W 

lot they could be shown to be 
he ner\e sheath Since tissue culture 
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Tissue Culture In Tumor Classification and Diagnosis 



Fig 8-4 Tutn of flomtnloui Schwann <«1U from o 
mcd oilino) nouriUmmema Twenty (our doyi m vilro 
Zenker'* fluid Oelafield * hematoxyl n 



fi9 8 6 Molignant neurilemmoma from gluteal re 
9 on Note hyperchromol c nuclei ond voriolion in » te 
E ghieen doyj m vitro Zenker t fluid phoiphotungttic 
Old nemofoxylin 



Fig 8 5 Outgrowth from angle tumor (neurilemmoma 
of eighth eroniol nerve) ihowing filamenlout Schwann 
cell* (A type) and mocrophoge I ke cell* (8 type) One 
of there i> in mitoni Seven doyt in vitro Zenker t fluid 
phorphoiungtlic ocid hemoloxyl n 



Fig 8 7 Melaitot e lympothicoblaifoma from th gh 
Seve teen days in v tro Bouint Fxative Bed an pro 
targol stain Note epilhel ol membranes from which 
neurilei push out 
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distinguish between growths of Schwann 
jan origin and those of mesoblaslic ongm 
we are now able to separate the true fibro 
sarcomas from the schwannomas 



/ixativc fiad on i pratargol <(o<o 

lymphorno 

The behavior of the Hodgkins node m 
vitro distinguishes it sharply from neoplastic 
tissues in general and tends to align it with 
granulomatous lesions (In a recent review of 
the subject Bostick [6] concludes that the 
gradual accumulation of data increasingly 
favors the concept of a Mral etiology for these 
lesions ) 

It is readily possible to differentiate Hodg 
kins disease from lymphosarcoma of the 
lymphocytic type and from reticulum cell 
sarcoma The lymphocytic lymphoma behaves 
m vitro essentially like a normal lymph node 
evolving large numbers of lymphoi^tes and 
some macrophages and fibrous tissue The 
reticulum cell sarcoma produces few lympbo 
cytes considerable fibrous tissue of an indif 
ferent nature replete with heavy leticulin 
fibers and usually sheets or clumps of flat 
polygonal (or sometimes stellate) cells that 
appear to be identifiable with the reticulum 
cells of the normal node 



F.e 8 9 totly *.pp»orone« of o ‘JL , 

from oodo Nott 1 

lymphobtoiH end |f.t*fni»d««« «!lr Hrll)'* 
Dtloftld t h«moto*irlm 
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_ • 

f,g 8 10 Culture from 

nura Note large cel! w»)b reve q«d I** 

Koped preudopodia olio **,' Nme doyt I" 

-o 

The cytologic picture of Ac ',"ons 

u vrtro vanes ™ liate and = 

Mid little except heavy ‘ ; ^„l,utes 

ew lymphocytes But m an) neurotic are^ 
elected from soft though not necro 
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there will appear within the first 48 hours 
varying numbers of lymphocytes macro 
phages and reticulum cells all more than 
usually active m migration and tending to 
have sticky surfaces Usually within this time 
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will produce a similar pathologic reaction in 
cultures of normal tissues [42] 

It IS easy to distinguish lymphosarcomas jn 
vitro from Hodgkin s disease since their 
whole appearance and behavior are grossly 



Fig 8 It large nultii'ocleol* Hodgkmi cell with inelutioni and 
necdlathaped pieudopadio Smoll irregulor obi«tU creeping on this 
cell ere lYmphocytes Nme doyi <1 vi'o living phgse conirost ilium no 


there Will be noticed near the cxplant some 
larger cells with two or three nuclei that arc 
nltntificd as Reed Sternberg cells Brilliant 
crcsjl blue applied mtravitally and Sellers 
stain in fixed cultures demonstrate cytoplasmic 
inclusions m the Reed Sternberg cells rclicu 
lum cells lymphocytes and m a few fibre 
blasts If the culture is kept for a week or two 
longer the fibrin clot will be liquefied to some 
degree large multinucleate cells containing 
'acuoles and inclusion bodies will develop 
and some cell degeneration will lake place m 
the outcrowth Cell free filtntcs from Hodc 
km s nodes and from tissue cultures of these 


different Their outgrowths do not stain meta 
chromitically with brilliant cresyl blue they 
do not evolve Reed Sternberg cells and they 
do not present the general granulomatous as 
pcct of the Hodgkins culture Lymphadenitis 
of inffammatory origin however may some 
times be confused with Hodgkins disease in 
vitro Bocck s sarcoid and in children be 
nign lymphadenitis of unknown etiology mav 
occasionallv simulate the early stages of 
Hodgkins cultures These do not however 
develop the massive inclusions vacuoles and 
enormous giant cells that appear m the later 
slaces of Hodckin s cultures this fact together 
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wilh the histology of the sections is sufTicient 
to exclude Hodg^ tn s disease from the diag 
nosis A clcarlv positive HodgV.in s picture in 
tissue cultures within the first 48 to 72 hours 
IS rarely if ever shaken later (831 neverthe 


Diagnosis and Patholi^ 
round and giant cell sarcoma, or when he 
was able to detect more than one cell type has 
concocted compound terms mentioning them 
nil nnd resulting in such monstrosities of 
terminology as fibromyxochondrosarcoma or 



fig 8 12 Hodgkin » «S>wo>e ol «*rvitot lympl? node EigKl-doy culluf* 
iliowmg v«ry lorg* mull<nucl«at« tell* »oro« of Ihem eonfoin ng vocuoie* 
end inctutions torn* pyknotic Nol* oggfotmoled lymphoEyl** and retculuf" 
cells Fixed in Hefty s fluid Molned wilh photpholungilie acid fiema 
foxylin 


less m the present slate of our knowledge it 
vs recommended that even such findings be 
checked with the morphology of the sections 
before a final diagnosis is given 

Tumors of the Soft Somatic Tissues 
It IS the miscelldny of the uncommon 
tumors of mesodermal derivation that yields 
perhaps the richest ore to the delver equipped 
with the methods of tissue culture Unable to 
identify exactly the cellular components of a 
rare tumor and give it a precise label the 
pathologist has often resorted to names m 
djcative of the shape of cells such as spindle 


olymorphocellular sarcoma 
Gey and Gey at Johns Hopkms have 
red a variety of normal and neoplastic s r 
or periods of years Pinkus has 
trams of malignant cells from 
umors and has earned them m vitro 
me months The glioblastoma j 

bromyxosarcoma that he cultured PP 
> be composed of a 
eneous and labile cell materia 
ominant cell Ivpes varied and , 

go m vilro A number of human mab^a^j 
ell strains are now available for , 

tudies but for classification and S 
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short term cultures are preferable 

From a fortnight to a month has sufficed 
for most of our observations During this term 
growth patterns become clearly established 
and behavior often repetitive the requirements 



Fig 813 Reticulum cell sarcoma of In^uinol node 
Rilculum cells and lymphocytes Pour doys in viiro 
Htlly I Ruid DeloPeld I hemotoxylm 


of space materials and labor become pro 
hibitive if the period of cultivation is increased 
materially We have found it desirable to use 
a standard medium for the various types of 
mesoblastic tumors thus establishing a modi 
cum of uniformity m treatment For tumors 
of nervous or of epithelial origin it is usually 
necessary to modify the proportions of this 
standard medium 

hemangiopericytoma 

The glomus tumor is an enlarged caricature 
of the highly specialized glomic arteriovenous 
anastomoses that arc found at the culmcous 
subcutaneous junction especially in the hands 
and feet and that have the function of shunt 
tag the blood rapidly from artery into vein 
Without Its passing through the capillaries 
These sometimes become h\ptrplasuc and 
grow into tumors of insignificant size but of 
clinical importance because of ihi. parowsmal 
pain that thev may induce P ithologists have 
long speculated on the nature and the function 
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Pig 8 14 lymphocyte lymphojoreomo from stomach 
Sevon day; m vitro Holly; fluid Deloreldi hema 
loiyhn 



Fig 8 15 Soma tumor a; in Figure 6 14 Eight doys 
in vitra tymphocylei ond ilroma call; Bou n ; fluid 
fuehi n poncao -onilme blua 


of the characteristic tissue layers of rounded 
epithelioid cells surrounding or grasping the 
endothelium that lines the lumens of the blood 
vessels with the recurrent suggestion that they 
arc modified smooth muscle cells The vsriters 
showed that this epithelioid cell is m vitro a 
brunchmi; structure very similar to the capil 
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lary pericytes described by Roiigct and by 
Zimmormann [72] This led to the rc cxamim 
lion of other obscure types of vascular tumors 
that did not have the organoid arrangement of 
the glomus tumor but had cells character 


Diagnosis and Pathology 
structures m sections yet grew m vitro like a 
rather substantial mcsothelial membrane 
Mesotheliomas can be cither tubular or fibrous 
diduse or localized benign or malignant and 
combmalions of almost all these variants uere 



Fig 8 16 (Upper) Epilhvlioid e*U from Infiltratiy* glomui lomor of onkU (hemonfl'* 
pericytoma) (Lower) Capillary pericyte from hvmon heart (After Zimmermann 1923) 


istically disposed outside the reliculin sheaths 
of the vessels It svas then found possible to 
grade and classify these under the meaningful 
title of hemangiopericytoma and to separate 
them from other forms of angioma such as 
hemangioendothelioma (Figures 8 16 8 17 
and 8 18 ) 

mesothelioma 

Similarly the fortuitous cultivation of a 
solitary fibrous mesothelioma from the pleura 
has led to the collection and grouping under 
one heading of a variety of types of solitary 
(or oca^ed) tumors of the serous mem 
branes This pleural mesothelioma though it 
was entirely fibrous and showed no tubular 


sembled 10 illustrale this view As '““li 
lilies formerly deenbed under eig 
enty different names arc now . 

ther m one category of solitary 
;d) mesothelioma (Figures 8 19 an 

Sano Weiss and Gault [95] have sin 
red a pleural mesothelioma that a 
lly a rapid dittusc spread )et 

,„s showed the fibrosarcoraatous appea™ 

ually associated with .,-nis 

owing tumors Tissue cultures int P 
® .... character 


PIGMENTED MELANOMA 

Grand and Cameron studied p'S^ 
melanomas from fish mouse an 


ented 

Cells 
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that could be identified as epithelium were 
never observed in their many cultures of these 
growths though all cultures showed a rich 
outgrowth and multiplication of mcsoblaslic 
elements including fibrocytes macrophages 
and small and large melanoblasts These in 
vestigators were also able to show the similarity 



Fig 8 17 Outgrowth from lomo tumor oi in Figuro 
8 16 Twenlyfour doyi in vitro 10 p«r cont Formohn 
Bod on i pretorgol ttom 



Fig 8 18 Pericytes encrusting endothelial oytg owths 
trom some tumor as in Figure 8 16 Note capillary pot 
Twenty eight days m vitro Kopsch fixative phes 
Photungitie acd hematoxylin 



Fig 8 19 Outgrowth from o solitory fibrou* me»o 
theliomo of the plevro Seven doyi in vitro Zenker t 
Auid phoiphotungilic ocid hematoxylin 



Fig 8 20 H gher magn fcotion of outgrowth from 
same culture as in Figure 6 19 


of the melanoblast in all three types of tumors 
and to identify it as the characteristic cell of 
melanoma In their cultures the melanoblast 
which was the source of melanin eliminated 
the pigment particles by clasmatosis This 
ejected material was often ingested by macro 
phages which thus became loaded with pig 
ment but which never produced it de no\o 
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F g G 33 Multinucl««>« ribboni frem ian<« iufflor a* tn 
FigufvfiS^ fihttn days vi>r9 H^llyt fluid WtigtHt 
iren hemalexyl n 



muscle that reveal no cross striatioris jn set 
lions new methods of cvafuaiinc such growths 
are dtsiraMe 

'^0 have approached the prohfem b) cul 
Wring liposarcomas and rhabdomvosircorms 
fach of which dispfaved m sections sutTicitnl 
fritcfn of its tv pc to establish the dncnosis 


J35 

The characteristics of these two turdors were 
even more divergent in vitro than in the 
^tions Jt was found that the malignant 
lipoblasts could be distinguished readily from 
common fibroblasts on grounds of nuclear and 



8 37 Choreci«ri(iic eutgronvth from gronuldr>(«l| 
myoblastomo (of mommory gland) Hola gronu 

far ribbon thoped {rlli and imoll corpuscular colls Tbir 
ru«n (toys an vilfo Ztnktrt fluid phespholungthe aeid 
b«moioicy] n 



Fg 8 3B G envlo ip dl* crlli ond I rrgulor Crilt 
1 oni onarh* mrobrattoma of tK« ftmof* tnonmory 
glo d Twenty doyi in vitro Zrnlcrt flu <f pbotpKa- 
tungtt e or d h moto yl n 
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cytoplasmic properties md of general growth 
pattern The typical viable reproducing 
spindle shaped tumor cell has a number of 
points in common with Chlopm s desmo 
blast of indifTcrent mesenchyme The very 
common variants from this form among the 
neoplastic cells appeared to be relatively non 
viable 



Fig 8 39 living <ullur« froffl xanthegranvlomo el Uft 
gluteal region twelve dayi in vitro Stomed tuprontolly 
w th neutrai ed 



'>i I 


ha 8 31 Fibroiofcoma of obdominol wall S«**" 
teen day* in vitro Zenker, fluid We.gert , iron heno 
loeyl n 







F.g 8-32 Outgrowth from jynoviol * normal 

..II. .I..h .H'l'- 

noviol outgrowths Twenty-eight doyi 

jd Harris hematoxylin ^ 

In th= rhabdomyosarcomi. “d 

;bbon shaped multmucleale “ " 

ery simdar to those that , ;,.jlhs to 

me or adult skeletal muscle ^ jjso 
itro Largo round and 

'ere found such as are see normal 

amottmos appear in culturos of 
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muscle Cross stnations were not observed m 
our cultures they can however be expected 
to develop m tumor cultures (cf Timofcevskii 
[105]) as they do m cultures of normal skeletal 
muscle embrjonic or adult (Figures 8 22 
through 8 26) 



Fig 8-33 H n«f«<n-day <ultur« fi«m tumor ot 
ihewn in Figure 8 33 iilrer itomed for r«t cutm 


OTHER TUMORS 

Murraj m cultivating three benign granii 
hr-cclt Diy oMiislomas of the uniform tjpv 
has shown that this tumor has a distinctive 
form of outgrowth which resembles the cul 
tiuvd cells of normal and rcccncrating muscle 
as well as neoplasms of skeletal muscle more 
than It docs the outcrowth from other tissue 
tvp».s that have b-'cn succcstcd for its origin 
l701{IiRurcs8 27 andR28) 

\on//ic»/iini have been cultivated b) Hicdtr 
mann and Hofer who confirm Ihcir origin 
from the reticuloendothelial ssstem |31 TTic 
smclc xanthocranuloma cultured h) Murray 
and Stout lends u«:lf to this interpretation 183| 
(Heure 8 29) 

"Three isnonn/ jtirroniuT ^tudlcd in vitro 
shos\cd a growth rather similar to that of 
normal svnovial tissue ph) The tumors pro- 
du'cd a membranous or cpnhclioid growth 
whissc Cells appeared spiders but had rckionv 
of attenuated ectoplasm which was often con 
ti~uous iih that of its ncichhors Tins ts pe of 


outgrosvth was combined u various propor 
tions with a tissue composed of rather flattened 
spindle cells that were distinct from the fibro 
blast Both these modulations of the neoplastic 
synovial cell produced reliculm m vitro 
though the normal synovial cells cultured did 
not It was suggested that the synovial sar 
coma IS a distinct type of neoplasm exhibiting 
certain similarities to the mesothelioma [45] 
(Figures 8 32 and 8 33) 

A variety of other tumor types including 
tumors of the skeletal system [59 62] havi, 
been described For reasons of space account 
of these is omitted 

Clinical Application 

In the present state of our knowledge the 
combination of tissue culture with routine 
methods IS advised for differential diagnoses 
involving hposarcoma rhabdomyosarcoma 
mesothelioma or other ambiguous growths of 
the soft parts 

PIEURAL AND PERITONEAL EFFUSIONS 

Hengstmann (1941) using tissue cul 
lure methods observed that the diagnosis 
of carcinoma could often be established m 
effusions This observation has been confirmed 
by others 

EPITHELIAL TUMORS 

For the purpose of either classification or 
diagnosis tumors of cpithcfial origin have been 
the least rewarding Epithclnl cells in general 
ippcar to be the most delicately adjusted to 
the exact physical and chemical constituents 
of ihcir normal environment they react in 
an exaggerated manner to small variations in 
these Consequently in a tissue culture where 
usually a far greater range of differences 
exists than is consistent with life in the homo- 
thermal individual epithelial cells show cor 
responding modulations usuallv toward the 
general and most primitive or versatile cel! 
form WTicn exphnted these cells do not dif 
fcrcntialc in vitro but rather tend to establish 
less spcciahred forms and functions than the 
parent tissue maintained in vivo All forms of 
epithelium tend to adopt the squamous habit 
in vitro n?] however this is not an absolute 
rule 1101 1 lamented cpiihclitim nuv continue 
to proJute picmcnt (29) squimous<c!l epi 
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ihclioma may produce intcrcclluhr bridges and 
pearls [50] thvmoma m iv produce abortive 
Hassall s bodies [80] mammary carcinoma, 
mixed parotid tumors and pancreatic ade 
nomas may form acini and cysts [.121 and 



Pig 8 34 Twclv« day <vltgf* ff«m a ihymvt 

gland with nodular cpilh«lial hyp«rplatio In a woman 
of Iwonty leven wilh myaithonio gravn Note early form 
of Hastalf i eorputrle Bouinr fluid (u«h>in ponceau am 
line blue 
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SUMMARY 

In summary it may be said that as a means 
of elucidating the cellular origins and relation 
ships of neoplasms tissue culture has data of 
unique importance to offer As a diagnostic 
method It IS largely accessory to the con 
vcntional procedures m its present state of 
development but depending on the material at 
issue It may function at one of the followm® 
levels of value 

1 It may afford the best method both 
quicker and surer than routine pathologic 
sections and independent of them The ex 
ample of this is the sympathicoblastoma 

2 It may afford a very good method in 
icnsifying the distinctive characteristics of the 
tissue m question but best used in combma 
tion with clinical and routine patholo'ac 
observations The neurilemmoma lymphoma 
and serosal effusions afford examples 

3 It may provide a useful method for dis 
tinguishing among several alternatives left 
open by clinical and histologic methods for 
example the choice between liposarcoma 
rhabdomyosarcoma and fibrosarcoma or my* 
oma A mesothelioma may be detected by 
this means or a diagnosis of neuroepithelioma 
confirmed 


glandular epithelium such as thyroid adenoma 
may produce its characteristic secretions [83] 
(Figures 8 34 and 8 35) Generally speaking 
however these manifestations are rare and 
they tend to be confined to the benign or 
less malignant tumors 

Weitzmann notes that malignant epithelial 
cells can often be distinguished from normal 
fay the large size and bizarre shape of the 
nucleolus Glatthaar employs phase contrast 
microscopy in combination with tissue culture 
in prognostic studies of precancerous lesions 
of the cervix Hirschberg et al have shown 
that the human glioblastoma which is sus 
ceptible m vitro to 8 azaguanine is almost 
totally lacking m an enzyme that can deam 
mate this substance to the harmless compound 
8 azaxanthine On the other hand by homog 
enate tests normal human glial tissue was 
found to be extraordinarily high m content 
ot this deaminase 




i/'f' 

V' ' J ''' 

, (ro) \rcn 

Fig 8J5 living culture (five w®*** ' . poncreo* 

benign uneneopsulofed islef-cell o n I ,,oinj 

suprovitady with neufral wf"'" 
normal islands In vivo 
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4 It ma) be of no particular benefit m 
diagnosis though useful in collecting general 
information This level applies by and large 
to the commoner epithelial t)pcs of tumors 
m svhich the diagnosis is largely based on 
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topographic arrangement of cells (which is 
lost in Vitro) and on number and t)pc of 
mitoses (of which the sections are a truer 
gauge than cultures) 
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CHAPTER 9 

General Principles of Preoperative and 
Postoperative Care 


Irving M Ariel 
and 

George T Pack 


The application of physiologic principles 
has permuted the patient suffering from 
cancer to be conducted safely through radical 
surgical procedures Fluid crystalloid and 
colloid balances must be rigidly mamiamed 
la the patient with cancer because of the 
deleterious effects of certain cancers upon 
the patients metabolism and hence upon his 
ability to withstand and to recover from the 
surgical attempt to ablate the neoplasm 
This discussion will present the normal 
balances and the routes by which certain 
imbalances develop Throughout average 
values shall be presented and normal values 
shall be equaled to an average normal person 
weighing 70 Kg 

MEASUREMENT OF FLUID AND 
SOLUTE BALANCE 

For the average surgical patient who under 
goes a relatively minor procedure elaborate 
mcisuremcnts are not indicated for a deter 
mination of the plasma content of different 
constituents will present an index of the 
patient s balance Table 9 1 presents the 
normal values of the various plasma con 
siiiucnts ordinarily determined in the surgical 
patient 

NORMAL PHYSIOLOGY OF FLUIDS, 
CRYSTALLOIDS, AND COLLOIDS 

Water Balance 

As the body is essentially a suspension of 
a relatively small quantity of solid (40 per 


cent) in water the importance of understand 
mg fluid dynamics in the surgical patient be 
comes obvious Figure 9 I shows graphically 
the distribution of water withm the organism 
About 60 per cent of the body is water which 
equals the large volume of 42 liters 

The maintenance of an exact physical 
environment within the body cells is effected 
by the compartmental distribution of available 
water between the cells per se and the inter 
stitial spaces This separation of body water 
into two distinct compartments (intracellular 
and extracellular) represents an evolutionary 
development whereby the extracellular com 
parlmcnt absorbs the brunt of the massive 
influx of water and metabolites and mam 
lams a constancy of the cellular structure that 
deviates little during normal states 

Abnormalities of balance between the m 
dividual and his external environment (ab 
normal losses of water and solutes from the 
individual or excessive administration of one 
or both of these substances to the individual) 
must be distinguished from those abnorrmlitics 
of balance between the cellular mass and its 
environment — the interstitial space Thus a 
low plasma chloride (an index of the ex 
traccUulat content of the von) could be due 
either to excessive losses from the organism 
(vomiting) or an abnormal ingress of the 
chlondc ion into the cell The distinction 
of course IS important for therapeutic con 
sidcration 

One may thus visualize the cells of different 
tissues of the organs containing large quanfi 
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TABl C 9 1 — Normal Values or Clrtais Blood CossTrruEKTs 


Hematocrit 
Red blood cells 
Plasma protein 
Blood nonprotcin nitrogcit 
Blood urea nitrogen 


40 to 45 per cent packed red cells 

4 to 5 million cells per ml 
6 5 to 7 5 Cm per cent 
15 to 30 mg per cent 

5 to 15 mg per cent 


Body Waters arc presented In Figure 9 1 
Normal plasma electrolyte concentrations are shown in Figure 9 2 
They are expressed m millieqmvalcnts per liter 


Na 1 mEq =23 mg I 
k 1 mEq =39 mg I 
Cl 1 mEq =36 mg f 
HCO 1 mEq =67 mg J 


obtained by 


mg per ccntxlO— 
atomic wi X valence (1) 
=mEq/'I 


A conversion chan (see facing page) is helpful to convert one value to the other 
for those labontoncs that report the values m mg per cent 


tics of water and suspended in a water environ 
ment The quantity of water m difTcrent tissues 
vanes -is follows 


Body tissue 

Cerebrospinal fluid 

Blood plasma 

Muscle 

Liver 

Fat 

Bone 

Tooth enamel 


Per cent water 
99 
92 
75 
70 
10 
20 
3 


The water balance of a normal individual 
With the external environment presents base 
line indexes that can be related to the patient 
undergoing surgical procedures These are 
summarized m Table 9 2 


Crystalloid Balance 

The division of water into the three theo 
retie compartments depends essentially upon 
an osmotic gradient of the various crystalloids 
Figure 9 2 presents an illustration of the 


concentration of the various salts m the dif 
ferent body compartments The difference in 
concentration of the crystalloids between the 
plasma and the interstitial space js due essenti 
ally to the oncotic pressure exerted b) the 
plasma proteins as expressed by the 
Donnan equilibrium factor A marked aii 
fercncc of electrolytes is evident between the 
extracellular compartment and the mtracel 
lular compartment It may be assumed that c 
mlracellular mass comprises that portion of t e 
organism in which vital processes occur ^ 
maintenance of an exact fluid and cryst^oi 
state must be necessary to maintain vital one 
tion The extracellular compartment (inter 
stitial space and plasma) are concern 
essentially with the logistics of delivering 
necessary ingredients to the cells and dispos! » 
of waste products The salt content o 
extracellular space provides a 
the maintenance not only of the fluidity o 
cell but also the crystalloid content ot 
cell The total content of the different co^ 

loids within the different compartments 


TABLE 9 2 — Daily Normal Intake and Excretion < 


H ater tntake 


Water loss 


Water ingested 
Water contained m food 
Water of oxidation 


1500 

1100 

300 


Insensible perspiration 

Unne 

Feces 


1000 

1600 

300 


Total average 2900 

Tl,.».an arlaklnt 6 liter, ot beer trill orln.t. ■ 
ant perspiration may expel over 6 liters Ol water 
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TABLE 9 1 (Contmtied) 

(Conversion Chart) 

NA CL CL" 

MGS X M EO /L 



CO, X 0 43 NA CL 

5 85 
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demonstrated m Figure 9 3 It vsiU be noted 
that sodium and chloride are cssentiall) ex 
traccllular and that measurements of the 
plasma concentration of these ions usuall) 
represent their true corporeal quantit) Con 


Tctained within the organism If there is a 
loss of all electroI}les water cannot be re 
lamed c'cn though administered copiousU 
and a dchjdralion of depletion wiU develop 
even m the presence of needs The fluiditj 


THE TOTAL QUANTITIES OF ELEaROLYTES IN THE DIFFERENT FLUID PHASES 
(ptASMA. irrrtKsrmAL nuio and tNrcAauuua: nc/io] 



F.g 9 3 


trariwisc potassium which » essentially m 
tracellular and is present in the plasma in small 
quantities does not lend itself to an exact 
corporeal determination b) measurements of 
Its plasma concentration Thus a large egress 
of potassium from the cells into the plasma 
(as occurs m oliguria) will present a high 
plasma value in the presence of a cellular 
defect of this ion 

Electroljtes have essentially four mam 
functions which are discussed m the following 
paragraphs 

(I) T/iey control the content and distnbu 
non of water withtn the body and (2) mam 
tain osmotic pressure If the organism contains 
Its normal electrolyte content as shown m 
Figure 9 3a given quantity of water will be 


of the plasma is maintained by its protein 
content whose oncotic pressure retains fluid 
m the vascular system In the presence of 
plasma protein deficiency adequate water wifi 
not be retained m the plasma and will diffuse 
into the interstitial spaces producing overt 
edema (starvation or war edema) The 
selective distribution of electroljtes within 
the organism dictates the water content of the 
different body compartments Thus the quan 
tity of potassium (essentially an intracellular 
ion) will influence the water content of the 
cells and the content of sodium and chloride 
(essentially extracellular jons) w'lll determiae 
the water content of the extracellular com 
partmeot (interstitial spaces and plasma) with 
the selective distribution of water within this 
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compartment determined by the plasma 
protein content It accordingly becomes ap 
parent that if a deficiency of sodium chloride 
exists, the water in the extracellular space 
becomes hypotonic and, according to Donnan 


Surgtrj 

traccllular fluids become hypertonic anti 
diuretic hormone is secreted and all v,aler 
IS carefully retained Converscl) when the 
extracellular fluid compartment is h)potonic 
antidiuretic hormone is not secreted and water 


TYPES OF WATER AND SALT DEFICIENCY 



Normal 


Water with Woter loss 

salt loss 


Normal osmotic Body fluids 
relationships ore hypertonic 



Salt loss 

Body fluids 
ore hypotonic 


hg 9-4 


equilibrium water will then enter the cells 
md swell producing an intracellular edema 
If an excess of sodium chloride exists either 
from large ingestion of it (salt fish pretzels 
etc ) or from loss of pure water, the extracel 
lular compartment becomes hypertonic and 
water comes out of the cells into this com 
partraent m answer to osmotic demands pro 
duemg an mtracellular dehydration (Figure 
9 4) The well integrated control mechanisms 
of the organism originating in the osmo 
receptor center of the brain reacts to these 
changes m osmotic pressure When the ex 


IS liberally excreted from the body 

(3) Electrolytes determine ^ 

trntability Sodium and potassium in 
neuromuscular irritability while ca ci 
hydrogen decrease it Thus a , j) 

calcium magnesium or h>drogen (a K 
increases the react.v.ty of the 

The tetany of alkalosis is an exarapic o 
phenomenon Increase of 
olasma affects the irritability of heart 
which may produce serious sequelae 

(4) Electrolytes participate m mamtenn 
of aad base balance The maintenance 
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exact pH IS of prime importance and is 
guarded zealously by the organism The 
balance is maintained by the ratio of the con 
centration of bicarbonate to carbonic acid 
(Henderson Hasselbalch s equation) The nor 
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its metabohsm as pertains to the surgical 
patient Little is known about the mechanism 
of egress of plasma proteins into the tissue 
parenchyma or the metabolic demands that 
determine the dynamic ebb and flow of the 


TABLE 9 3 —The Average Hormae Istxre. and Loss oe Eeectrolvtes Per 24 Hours 
(Sodium potassium and chlondc) 



Sodium 

Potasnum 

Chloride 


mFq /24 hr 

mEq /24 hr 

mEq /24 hr 

Intake 

125 

75 

100 

Output 

no 

60 

120 


mal ratio of 27 mEq per liter of bicarbonate 
lo 1 35 mEq per liter of carbonic acid 
maintains the normal pH at 7 4 The content 
of these elements is determined by the 
respiratory center and with an increase of 
carbonic acid (acidosis) hjperpnea becomes 
evident us the only clinical sign of acidosis 
and the means whereby the body attempts to 
blow o(T excess carbonic acid The kidneys 
play a major role m maintenance of electrolyte 
neutrality by excreting or withholding the 
quantity of base available to combine with 
the bicarbonate The method of maintaining 
an exact acid base (anion cation) balance is 
complex and beyond the scope of this dis 
cussion 

Expressed in another way the body may 
be viewed as a cellular mass that has two types 
of circulation The one is concerned with the 
exchanges with the exterior (blood circula 
tion) whereby wastes are disposed of (CO^ 
exhaled urea etc excreted) and the neces 
sar) raw materials introduced (oxygen and 
nuirictus) The second circulation (interstitial 
circulation) is concerned with the dclivcnncc 
of nutrient digested materials to the cells and 
the carr)ing of wastes (lactic acid etc ) from 
the cells to the plasma for disposal Controlled 
elcctroljtc and water balances arc necessary 
for the maintenance of these two separate but 
integrated circulations The daily balance of 
sodium potassium and chloride is presented 
tn Table 9 3 

Colloid Balance 

Protein one of the most csscntnl prolo- 
pUsmic ingTcdicnts has defied for the most 
pirt an undcfstandini; of major portions of 


plasma proteins as described by Whipple 
The maintenance of a normal plasma protein 
concentration m the surgical patient is es 
scntial because protein oncotic pressure con 
tributes significantly to the maintenance of 
the plasma water Proteins further maintain 
osmotic neutrality by virtue of their base 
binding capacities they combat infection by 
forming antibodies are actively engaged m 
all reparative body functions are an essential 
nutrient and are engaged m the fabrication 
of hormones Albumin contributes the greatest 
oncotic pressure and the globulin content 
produces antibodies etc All body proteins 
are engaged m one function or another and 
for practical purposes it must be assumed 
that dll are essential and that there are no 
reserve proteins which can be utilized during 
periods of protein deprivation 

Hypoprotcincmia can be due to several 
causes 

1 Deficient intake (starvation) 

2 Liver disease — albumin appears to be 
fabricated cssentvallv in the liver 

3 Abnormal losses — ascites infections etc 

The administration of saline solutions ag 

graxates edemas the result of hvpoprotei 
ncmia 

The quantity of proteins necessary for a 
normal male has been estimated at 70 Gm 
per 24 hours Approximate!) 5 to 10 Gm of 
nitrogen are excreted in the urine per day 
representing the end product of protein cala 
holism 6 25 Gm of proicin bcini; represented 
by 1 Gm of nitrogtn 

The ingested proteins enter the metabolic 
pool after haiing been dinested and function 
m answer to metabolic demands havint* ccr 
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tarn unexplained pnorUics Priority « given to 
the manufacture of red blood cells over fabn 
eating phsma proteins Thus m an anemic 
hypoproteinemic patient it becomes essential 
to replace red cells by transfusion so that any 


Sargtrj 

ABNORMALITIES OF FLUID BALANCE 
Abnormalities of the normal fluidity of the 
surgical patient may occur from one of three 
avenues or a combination of these TTiev 
are 


TABLE 9 4 — NuTRmo»iAt. CoMPOsmoN or the Human Aduet Male 
{Alter Elman) 



Total It eight 

70 6 kg 

1 

Water 

40 Lg 

2 

Protein 

10 kg 

3 

Fat 

9 kg 

4 

Ash 

3 kg 

5 

Carbohydrate 

0 6 kg 

6 

Plus vitamin 



(Trom Elrmn [2"J co«rtc»j; Apptctnn Century Crofts luc ) 


administered protein will follow the metabolic 
route for manufacturing plasma proteins 


Other Nutritionol Needs 
CALORIES 

The normal resting adult requires almost 
1600 calones per 24 hours best supplied by 
carbohydrate (4 calones per Gm ) and fat 
(7 calones per Om ) Proper protein mclabo 
lism cannot occur m the absence of adequate 
quantities of carbohydrates 

VITAMINS 

Vitamins permit proper metabolism of food 
and their intake should accompany food and 
never be a substitute for the essential food 
stuffs 


The normal intake includes 

Vitamin C 75 mg 

Thiamin 1 5 mg 

Riboflavin 2 mg 

Niacin 15 


and pantothenic acid and pyndoxme 
Increased amounts are needed for 1 
^pleted patients and for specialized deman^ 
Thus increased amounts of vitamin C i 
necessary for proper wound repair etc 
The nutritional composition of the hum 

m ibTe 9 4 “ by Elm 


1 A bnormal losses (or gams) to the externa! 
environment These include excessive perspira 
tion vomiting diarrhea any abnormal dram 
age hemorrhage etc Includvdinthiscateeoo 
would also be failure of adequate intike 

2 Physical disruption of flmd distnbiilion 
Included m this group would be abnormal 
fluid accumulations in a burned or otherwise 
traumatized region m inflamed sites or as a 
result of circulatory disturbances It must 
be recalled that when such abnormal accumu 
lations occur m one region they do so by 
depleting another portion of the organism 

3 Metabolic disturbances Changes m 

osmolar concentrations aV ct the distnbution 
of water between the eel's and extrace oar 
space as discussed above The celt mem rane 
permits the free transport of water mto an 
out of the cell m answer to osmotic deman 
Other substances such as glucose and urea a s 
enter the cell to effect a normal distri u io 
throughout the entire body of j 

stances and thereby also affect the cell ® ^ 
tion The cell membrane is semipermeabie i 
electrolytes permitting the free 
potassium a selective ingress of so 
response to the maintenance of aci 
balance and an almost complete . 
attitude as pertains to the chloride ion 
larger molecules such as certain pr 
mulm etc do not penetrate the ““ 
bratie Thus the osmotic state of 

(total number of electrolytes) wl 
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the distribution of wilcr between the cells tnd 
the cxtracclluhr compartment In addition 
recent experiments have dcmonstnlcd that a 
breal^down of the cell membranes selective 
permeability may occur under certain con 
ditions (anoxia malaria) with a swamping 
of the cell with all the matcriah from the 
extracellular compartment 


Table 9 5 presents a classification of edema 
and dehjdration that may occur m a surgicil 
patient and Tigurc 9 5 demonstrates grapht 
cally some of these abnormalities It thus 
becomes essential to think in terms of total 
distribution us well ns qu intity nnd to try to 
correct both defects with the choice of suit 
able repair substances Changes within the 


TABl r 9 5 — CLAssiricAiioM or Foi ma ani» DruYnRATio*i 


Hound Hfl/pr 


Osmoiically active 


(Osmoiically 

/ xlrucelliilar 

Inltacellulat 



Inactne) 

comparlnifni 

compartment 

Cause 

Remarks 

1 After injection of 

1 rdema 

Normal 

Administration sa 

After operation 

certain hormones 



line solutions og 

more administered 

(estrogens) 



gravated by hypo 

saline remains in 

2 3 5 Gm of water 



protememia 

intcrstiual compart 

deposited with each 



ment The extra 

Gm of protein 




cellular space of 

3 1 5 Gm water de 




the lungs is four 

posited wath each 




times ^icitcT than 

Gm of glycogen 




other tissues hence 

(Fat IS deposited 




in this type of 

dry ) 




edema great qtian 
titles of water arc 





present in the 
Jungs 


2 Edema 

Dehydration 

After administra 
lion of h)pcrtonic 
solutions 



3 I dema 

Edema 

1 oca) regions fol 
lowing trauma Ad 





ministration of so 
dium chloride to 





patients with hypo 
kalemic alkalosis 



4 Dehydration 

Normal 

When pure water is 

Water thus be 




drunk by an indi 

comes a dehydrat 




vidual losing gas 

mg agent I xpcri 




tnc juice 

mentally produced 




Hemorrhage 

by intrapcriloneal 




Rapid Water 

injection of water 




deficiency 

and later removal 
of the solution 


5 Dehydration 

Dehydration 

Severe dehydration 
from any cause 



6 Dehydration 

Edema 

Metabolic alkalosis 

May be converted 
to bicompartmcntal 





edema by rapid 
administration of 
NaCL 


7 Normal 

Edema 

After partial cor 
rection of meta 
bolic alkalosis 



8 Norrnal 

Dehydrau 

^ ation 




/ 
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cells are sometimes profound and when it is 
recalled that corrections are attempted by 
depositing repair solutions m the extracellular 
compartment (plasma ingestion, or hypo 
dermoclysis) the importance of appreciating 


tude of the electrolytic changes arc offered by 
analyzing muscle for its total water and 
electrolyte content 

If a segment of muscle be dried to con 
stant weight the difference from its original 


TABLE 9 6 — Daily Quantity Per 24 Hours aito Electrolyte Content 
OF Body Secretions 



Quantity 
ml per 

24 hrs 

No 

mtq/l 

A 

mEq /I 

CL 

mEq // 

mEq /I 

Saliva 

1500 

10 

25 

10 

10 

Gastric juice 

2500 

60 

to 

85 

10 

Bile 

500 

150 

50 

100 

40 

Pancreatic juice 

700 

140 

5 

IS 

120 

Intestinal juice 

3000 

110 

5 

105 

30 

Ileostomy 

■) 

130 

10 

115 


Cecosiomy 

■? 

50 

10 

40 


Stool 

300 

50 

50 

75 


Expressed m round numbers because the range can very great 


the transfer relationships across the cell 
boundary becomes manifest 

The type of fluid lost depends upon the 
source of the loss and reference to Table 9 6 
wiU show the concentration of various electro 
lytes of different body secretions It is essential 
to define these electrolyte losses associated 
with the fluid losses and to replace them as 
indicated 

ABNORMALITIES OF ELECTROLYTES 
IN SURGICAL PATIENTS 

The Withdrawal of gastric juice from hu 
mans results in metabolic alterations that 
affect the entire fluid and electrolyte structure 
of the organism The results of withdrawing 
gastric juice from patients with gastric cancer 
(anacidity) will be presented and compared 
with those changes which occur in patients 
with gastric hyperacidity 

These will serve as examples of the chain 
reaction of metabolic alterations that may 
occur from a simple primary derangement 
Recognition and treatment of the defects early 
will prevent a host of complex metabolic dis 
ruptions from occurring which if uncorrcctcd 
m turn present complicated problems for 
correction 

Indexes showing the direction and magni 


weight will present a good index of Us witer 
content An estimation of the chloride content 
would then permit an appraisal of the ex 
tracellular compartment of this piece of 
muscle The intracellular water and electrolyte 
content could then be determined The follow 
ing formula devised by Yannet and Darrow 
to permit the calculation of the compartmental 
partition was utilized m this analysis 

In these equations subscripts ser e 
and I refer to serum extracellular and 
intracellular phases respectively [ ] refers to 
concentration and ( ) to total amount 

expressed in mM mEq or Gm 


[H O] „ X 0 95 


[Na] e X 0 95 

= [Nale 


[H 0]„ 


Muscle per 100 Gm fat free solids (FFS) 
. (Cl - 1) 


(H.O)*mGm =- 


rci] 


(Na) m mM = (H O) x [Na] 
(Ni)i m mM = (Na) - (Na), 



154 


Surgery 

Summary of Composition of Gastric deficiency and the corresponding shnnkage of 
Aspirate as It Affects Metabolic the organism s water volume Because there js 

Alterations a simultaneous loss of electrolytes and water 

The essential changes between the two rather severe defects may develop before they 
groups of patients depend upon the sodium will be reflected by changes m the crystalloid 
content of the gastric aspirate In patients concentration of the plasma If sodium and 

CASreiC ASPIfiAHON 

EFFECTS OF GASTRIC COMPOSITION UPON PLASMA ELEaROLYTE CONTENT 



fig 9-i (from An«I cotfHcty Svrgtrf C/ntcohg/ and Ob»l*tnc* ) 


With gastric hyperacidity the loss of chloride 
m excess of sodium produces a series of 
changes that consist of hypochloremia alkalo- 
sis and decrease in total body water wuh 
the interstitial space making the greatest con 
tnbution to this loss The hypochloremia and 
resultant alkalosis are a strong stimulus to the 
development of potassium deficiency which 
in turn converts the hypochloremic alkalosis 
to a hypokalemic alkalosis In the muscle 
biopsies a rather significant increase m the 
intracellular sodium occurs apparently the 
result of the autoregulatory mechanism in 
response to the potassium deficiency and 
metabolic alkalosis 


In contrast the essential chani,es produced 
m patients with gastric anacidity consist of 
otalloss of sodium chloride andisater This 
loss of a complete salt produces an electrolyse 


chloride were removed m equal 
electrolyte neutrality would be mamtaine 
there would be no compensatory 
retaining carbon dioxide with the resu 
production of metabolic alkalosis > 
casionally occurs and patients may lose 
quantities of gastric contents u,. 

increase m plasma and carbon dioxide como 
ing power However since there is J 
some excess of chloride over sodium 
the gastric aspirate a variable reten i 
carbon dioxide will occur and tn ® . iiy 
alkalosis produced will depend ess 
upon the chloride sodium difleren la 

course of gastne -p,..- 

correction of hypochloremic al a <« 
effected bv administration of ^ 

solution However if the defect be p 




Ceneral Prindpl« of Preoperatlre and PcKtoperallre Can 


to procr«s hjpol^alcmic all^alosis supervenes 
and correction can onlj be cfTectcd b) potas 
Slum administration Chloride solution m such 
instances aggravates the defect 

This example exhibits a frequent surgical 
WAT C R 


cannot distmcui^h between isotonic increases 
in h)dration Thus an enormous increase in 
the extracellular space ma\ occur but it can 
not be identified b\ the kidnc) hence no action 
IS taken to correct it 

ernas of cattr/c aspiuation upon 



fig 9 7 {fnm Ari«l [4] nvrfttf Svr^trf end Ob»f«rritt) 


complication that produces fluid and electro- 
hte abnormalities Diarrhea tends to produce 
dchvdraiion and acidosis Abnormalities of 
pulmonarv mechanisms result in respirators 
acidosis and alkalosis 

RENAL FUNCTION IN SURGICAL 
PATIENTS 

Normal Kidney Function 
Three major functions of the kidnev are 
(I) excretion of wi^ie (2) miintcnancc of 
the acid base balance and (T) maintenance 
of norma! cwmoli*. pressure 

The large quantities of ssatcr and solutes 
tcahsiifbcd from the kidncvs back into the 
circulaliin are indii.ated in Table 7 The 
lidncss funttton v*ilh remarkablv dcli ate 
P xiSiIitv wiih the expenditure of tremendmts 
r^erp tlhe lidncvx move almost Jt'O pounds 
tf ssatet and aim'd S pounds of salt per 
dav ) H tsoff certain sh-*rt « r^m-s of the 
O' fmal liii-es cx st fir cxampl a'hiucS 
I Can t' n-sii 'i f'ctwren aM rmahties of 
» jJ hase ba'an e or tbani-e n l^e os»~oIar 
m fj i-n «r Ky*' r*!. ' apparen s il 


If the kidnev can concentrate to a specific 
graviiv of I OTO about 600 ml of unne will 
be ncccssarv to dissolve and excrete the 
average of 3^ Gm of solid waste Thus 600 
ml IS the minimum of urine to be excreted 
pcr24hours At urine specific gravjtv of 1 010 
about 1^00 ml of urine is ncccssarv to effect 
the excretion Under normal conditions in 
gested water exerts a diuretic stimulus and is 
immcdiatclv excreted Salt solutions how 
ever lac in their cxcrctorv pattern and there 
IS a delav of approximatelv four hours before 
Ihev are excreted The normal kidnev can 
hand'c practicvllv an\ load given it but m the 
sick surgical patient with a deranced endocrine 
svstem and possiMv wuh direct damace to the 
kidnev a*'normal loads in the form of im 
properlv xelc'tcJ rcpiir solutiims mav lead to 
disavter 

The remarka^'e abihtv of the kidnevt to 
mamtam notmsl-s shoutd vs humVe the 
surges *i that be wou'd Irv t' uti'i/e nirmal 
renal function s»hcn possi*' e rather than at 
tempt lo sj V’s itiite b s InojVd'^ tor la k I'f 
HI lo accs mp I'h liJ-'es fii-rii'n tarlifi ul 
liJ-'cs ct » Jr i» bevo-' J i^c ui’pe of th s 
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chipter to discuss this complex problem but 
suffice u to stale th-it every effort be made to 
evaluate the degree of renal function and 
preserve it One cause of renal disfunction m 
the surgical patient is electrolyte abnormalities 


Strrgery 

given during the operation and during the 
postoperative period Such factors as anesthe 
sia the trauma of operation per se and tJie 
body* reaction to the operation each con 
tributes a part in the over all picture of rte 


TARLE 9 7 —Kidney Kequlation or Watfr and Soii/rrs 
{After Gamble) 


Delnered to the kidney 
(ulomerular filtrate 
per 24 hours) 


r xcreted in unne 
per 24 hours 


Water 



ml 

180 000 

JOOO + 

SoOium 



Gm 

588 


mM 

25 560 

III 

Potassium 



Gm 

35! 

^.■k 

m\( 

900 

60 

Chloride 



Gm 

658 

42 

mM 

18 540 

)19 

Phosphate (or phosphorus) 


09 

Cm 

56 

mM 

180 

30 

Sulfate (or sulfur) 


03 

Gm 

29 

mk( 

90 

23 


Solids (urea etc) 
Gm 

Os 


35 

J2 


The Effects of Hypochlorerruei 
upon Kidney Function 

Patients suffering from hjpochloremia have 
depressed renal plasma flow and a decreased 
rate of glomerular Nitration Alterations m 
filtration fraction are not remarkable but the 
secretory capacity of the tubules can also be 
subnormal Azotemia may supervene Correc 
tion of the bypochlorenua will improve the 
renal status and cure the azotemia (Figure 

BY INTRAABDOMINAI OPERATfONS 

The effects of the operation upon the 

qUanWlM and types of repair soiul.Dns to be 


metabolic response to the alterations me 
to mtraabdommal operative 
addition the administration of 
other fluids during the operation 
pticatcs the picture 

Balance Between the Individual and 
His External Environme"' 

There is a negative balance of 
tarn electrolytes and blood The qu 
water lost vanes in diffeieot . ^arm 
m different sur/oondings Thus m 
summer months under heavy oper , ..gj of 
the individual loses significant qua 
water (7 to 4 liters) out 

Contrary to the belief of many 
put continues sometimes m o 






f g 9 S 0«<»onttret ng lh« •ffacti of i d c«d h/pochlorom a on rtnol 
plotmo Row end glomonilo ft’roten rat* enrf np Q<r«me i of r* ol fi>nc1 a t 
* th correct on of hypochforom o (from A «l o d Mil* {8] rOuHttf 
Sv g*rjr) 
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amounts m imny patients during an opera 
live procedure nnd during the immediate post 
operative period Although a number of 
individuals will manifest evidence of water 
retention during the immediate postoperative 
period this situation does not prevail for all 
The reason for this difference remains cnig 
matic 


ir 


Fig 9 9 efFtet of obdomlnol turgvry upon offte 
livo ronot plotma flow (From Ariot and Millor (9j 
tourftty Surgtty ) 


It has been demonstrated that there is no 
significant kidney damage during the operation 
as determined by measurements of renal 
clearance The effects of mtraabdommal opera 
tion upon the renal plasma flow arc sum 
marized m Figure 9 9 Similar results were 
obtained in pre and postoperative measure 
ments of glomerular filtration and tubular 
absorption However if the operative trauma 
IS great and if anoxia and hypotension occur 
renal damage may also occur and contribute 
to oliguna In most surgical patients it must 
be assumed that some extrarenal mechanism 
functions to cause water retention m those 
patients who receive adequate quantities of 
water but who retain that water postopera 
tively It would be erroneous to assume that 
water is retained by all individuals and there 
fore to withhold water postoperatively It 
would be equally erroneous to believe that 
for those patients who manifest evidence of 
water retention a greater quantity of unne 
can be produced by the liberal administration 
of water The amount of water given to an 
individual postoperatively should depend upon 
the amount lost during the operation and 
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during the postoperative period which factor 
vines from individual to individual 

It IS difficult to measure the quantity of 
water lost during the operation A rough cor 
relation exists when different methods of 
estimating total fluid lost are compared Total 
body water as measured by deuterium dilution 
decreased 1 2 liters in a senes of patients sub- 
jected to intraabdominal operations Body 
weight decreased an average of 0 9 Vg, a 
small portion of this loss was due to the 
resected specimen in some instances It may 
be assumed as a practical guide that approu 
matcly one liter of body water is lost during 
the three to six hours for an mtraahdominal 
operative procedure without undue trauma 

Blood Loss 

There w as an average loss of 500 ml of red 
cell mass (Table 9 8) which is equivalent 
to approximately 650 ml of whole blood lost 
or a plasma loss of 350 ml (computed on * 
basis of the prcoperalivc hematoent level) 


Interstitial Fluid 

Such Wiilc nucluations occur m the pet* 
opcnluc values of the mterstihal ’ 
measured by the sodium thiocyaoate rne 
that It roust be concluded that the me 
unreliable It must thus be t>«uroed » 
unknown quantity of water was lost 
interstitial spaces and the remain e 
within the cells The u irary P”'*™™ 
support to this suppos lion as 
crease m muscle water noted postoper 1 
on analysis of muscle biopsies 

Eleelrolyle loss During 

A rather close correlation exist 
chlonde and sodium excretion 
chloride and 28 mEq of 

creted during mtraabdornina 

During this same p^od urinary 

Slum were excreted The P gg jnEq 
electrolytes of 67 mEq of ““ 

of sodium and 67 mEq L.snifestatior'* 
doubtedly represent excretory jj 

of trauma although > of whole 

conceivably be due to the (Tab!* 

blood administered during this p 

9 9) 





Opfru 'if/t 
fi>e tite / ^ 
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There does not appear to be any correlation 
between the total volume of urine and the 
amount of electrolytes excreted It would thus 
appear that the excretion of electrolytes is not 
dependent upon the same factors that in 
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ment therapy Thus a patient may lose a small 
amount of sodium and chloride in the unne 
during an operation and the immediate post 
operative period, but as the result of metabolic 
stress there may be a shift of the sodium and 


TABLE 9 9 —The Urinary ExcRtmoN or CtEcmoLYTES Durinq Abooviinau Operations 


Chloride 

mEq 

Sothiim 

mPq 

Potassium 

mCq 

Nitrogen 

Gin 

KN 

ratio 


Post 


Post 

Post 

Post 


Post 


Dunn? 

opera 

During 

opera 

During opera 

opera 

Sext 

opera 

Next 

operation 

U\e 

operation 

U\e 

operation live 

U\e 

AM 

me 

AM 

32 

67 

28 

66 

16 67 

1 4 

87 

13 1 

81 


fluence the water excretory mechanism Thus 
one individual may produce a great deal of 
ion poor urine while another may produce a 
small quantity of urine heavily laden with 
electrolytes 


Nitrogen Excretion 

Protein loss is manifested by excretion of 
1 4 Gm of nitrogen during the operation, 
which w equivalent if all this nitrogen rep 
resents protoplasmic breakdown to 46 Gni 
of tissue (Lusk s coefficient I Gm N=33 Gm 
of whole tissue) and during the day postopera 
tively 8 7 Gm of nitrogen were excreted rep 
resenting 287 Gm of tissue destroyed if all 
the urinary nitrogen is the end product of 
tissue catabolism 

All the above described alterations reflect 
changes between the individual and his ex 
temal environment They probably represent 
the effects of the operative trauma upon 
the organism as well as a reaction of the 
organism to stress In addition to these 
changes, internal changes also occur i c 
alterations between the cell and Us environ 
ment— the extracellular space— as indicated bv 
the marked change m the total circulating 
plasma protein with an egress of the protein 
from the plasma during the operative proce 
dure and changes m permeability of the cell 
membrane to chloride and sodium m certain 
instances Whether any replacement therapy 
IS indicated for these shifts is not known 
rhe data further demonstrate the fallacy of 
utilizing serum concentration of various 
metabolites exclusively as criteria for replace 


chloride out of the plasma into the inter 
stitial spaces inducing a decrease in the 
plasma content of these electrolytes If one 
IS guided exclusively by concentration values 
of the serum one would be tempted to ad 
minister quantities of sodium and chlonde 
to bring the value to normal Although the 
exact method of coping with this abnorinal 
shift is not known it is believed that the 
excess administration of saline solution would 
be detrimental in such instances 


Adrenol Response During Operoti®n 
The adrenal response to the stress of a 
surgical operation will favor the excretion 
potassium and nitrogen and retention 
sodium and chlonde If an excessive 
occurs which is further complicated y ^ 
ministration of sodium chloride so u lo 
abnormal retention of these 
clinically dangerous Moore and Ba 
ascertained that an initial response to an p 
tion (6 day period) results in the 
lease of 875 mg cortisone 10 mg 
and 300 cc Eschatm Zimmerman el ^ 
demonstrated the release of the p 
sodium retaining hormone androstero 
lowing operation 

Energy Expended During Operul'"" 
Other factors that must be 
the over all appraisal of the are^Ibe 

intervention upon body metabo s 
quantities of energy used f ^ , aj,on ot 
procedure and manifested by u 
body carbohydrate and fat A pr® 



161 


Ccneral Pnnclplcs of rrcoperalne and Postopcralnt Care 


m which the effects of operation upon liver 
fat and gl>cogcn were measured by liver 
biops) pre and postopcratively demonstrated 
an average loss of 2 Gm per cent hepatic 
gljcogcn IIOl This amounted to a decrease 
of 45 per cent total hepatic gl)cogen and in 
some cases the hepatic glycogen decreased 
50 and 75 per cent below the preoperative 
level There was also an increase of hepatic 
lipids during an intraabdominal operation 
sometimes to rather large amounts 

THERAPEUTIC APPLICATIONS OF 

OBSERVED METABOLIC CHANGES 

DURING SURGICAL PROCEDURES 

Wafer 

The observation that an average loss of 
one liter of fluid occurred during operation 
suegests that this quantity of fluid administered 
during an intraabdominal operative proecdure 
should be well tolerated The fluid loss how 
ever can be much greater cspcciall) under 
surgical sheets during hot summer months 
during which time (he patients temperatures 
have been noted to rise to 102 to 104 
(Fahrenheit) In such instances larger quanti 
ties of fluid arc indicated 

Blood 

There is a prevalent tendency to administer 
loo much blood during operation The most 
frequent guide is the patient s blood pressure 
and an} drop regardless of cause is con 
sid(.rcd a signal for continued blood admmi 
vtration This is harmful and wc have seen 
patients develop surgical polvcvihcmia from 
such a practice There is no good method to 
determine Mood volume scnall} during an 
operation hence caution must he exercised 
aemnst the prevalent pohev of promiscuous 
administration of blood A mild vaso- 
constrictor to combat vavodihlions plasma 
expanders and gentle handlmc of tissues will 
reduce the neccssitv for sdminisiralion of 
large qiimtiiies of blood Paiicnts under 
general anesthesia do not react m the cus 
lomarv manner to the admintvlraticm of mis 
matched blood Uncxphincd coring from 
exposed surfaces mav he ihc onl> msnifests 
lion Ibat incompatiHc bloKxl has been ad 
ministered and should serve to alert the 


surgeon for further investigation of this pos 
sibilit} 

Eleclrolyte Replacement 

Although the loss of small amounts of 
eIcctrol}tes during operation should in itself 
not hamper convalescence it is felt that every 
ctTort should be made to maintain the pre 
operative balance and replacement therap) 
should begin at the time of operation If 
this be done and if certain abnormal losses 
occur during the postoperative period (Wan 
gensteen suction etc ) those electrol}tcs lost 
during the stress of the operation will have 
been replenished A dilute poljionic solution 
such as desenbed b) Fox el al and which 
contains 140 mEq /I of sodium 103 mEq /I 
of chloride 10 mEq /I of potassium 55 
mEq /I of bicarbonate and small amounts of 
calcium and magnesium would seem to bu 
indicated The administration of an cIectrol}tc 
solution would also serve to buffer against the 
convulsions and coma of water intoxication 
that would occur if an excess of ionic free 
fluid were administered and retained One 
liter of this solution administered postopera 
tivel) would replenish the sodium and chloride 
losses as measured m this stud} The potas 
Slum decrement would not be significant 
provided potassium replacement were in 
siituicd within four to five da}s after operation 

Nitrogen 

The loss of 1 4 Gm of nitrogen during the 
operative procedure and 8 7 Gm during the 
immcdiale postoperative period is not con 
sidcred clmicall} serious and it is fell that 
It docs not warrant any immediate replace 
ment ihcrapv A healths convalescence with 
oral intake of protein foodstuffs will adc 
quaicU replenish this loss The plasma protein 
concentrations cannot be used as an index 
for protein replacement therap} because a 
large quantilv of protein is mobilised out of 
the plasma in answer to ihe metabolic de 
mands of stress In addition Ihe hvdro 
dvnamics of ihc plasma will mask Ihe true 
plasma protein content 

Energy 

The expenditure of cnerev with the utili/a 
lion cf carbivhvdratcs and fvis during nn 
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openttofi demands caloric replacement The 
body can withstand (his short period of nega 
live energy balance provided il docs not 
progress over a prolonged period 

POSTOPERATIVE CARE 
The patient immediately after an operation 
must be regarded as a traumatized individual 
in whom three sets of responses arc occurring 
(1) those responses (hat arc the direct result 
of the injury to the organism, (2) normal 
responses by the organism in reaction to the 
traumatizing actions and (3) abnormal re 
sponscs due to (he inability of the individual 
lo cope with the trauma either because the 
trauma was too extensive and/or the >n 
dividual s response mechanism is defective 
An example of the severe trauma is massive 
hemorrhage and of the defective response 
mechanism, Addison s disease 
When a well nourished otherwise healthy 
individual has been subjected to a moderately 
traumatizing surgical procedure the immediate 
reactions will consist of ( I ) a mild fever (for 
which antibiotics arc not indicated), probably 
the result of foreign protein reaction, (2) a 
brief period of starvation and (3) an in 
creased catabolism which is a result of the 
Operation The losses as described under 
hfetabolic Alterations Induced by Intraabdo 
mmal Operations are not great and care 
£ul attention must fat given to balance, avoid 
mg the overadraimstration of any intravenous 
solution encouraging early ambulation and 
early active respiratory exchange Certain 
changes that have been unduly stressed bj 
some investigators may occur These include 
oliguria or anuna an excessive excretion of 
potassium, retention of sodium or chloride 
or excessive nitrogen excretion In the authors 
experience these abnormalities may occur to 
a severe degree occasionally and must be 
respected when they do occur When unne 
excretion is suppressed except m the oc 
casional instance it is usually transient lasting 
dunng (he dav of operation and the &st 
postoperative day It is never harmful and it is 
considered advisable not to attempt to encour 
age unne excretion Administration of too 
much 5 per cent dextrose m distdled water to 
paticnii with transient urinary suppression will 
produce hypotonioty of body fluids with re 
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sullant convulsions, saline ovcradmmistration 
will produce edema and ovcradmmistration of 
blood Will embarrass the cardiorespiratory 
system It IS considered better to err on 
the side of undcradmmistration because the 
bod) can cope with such a situation 
Studies of the adrenal response m such 
patients will demonstrate a diminished amount 
of circulating eosinophils and an increase in 
the urinary 17 kctostcroids The organism 
can tolerate the trauma and posttraumatie 
period by its well integrated adaptive mcch 
anisms A hands off policy is indicated lot 
the first 2 to 4 days, replacing only estimated 
or calculated Josses If the patient has not 
recuperated to the point of ambulation and 
of oral ingestion of foods by this time a 
program of intervention must be charted Tbe 
essentials during this period are to respect 
the bod) % ability to withstand the trauma 
and to watch carefully for the developmec 
of any complications Blood volume ni'JtJ 
maintained careful attention must be pv®® 
to hemoglobin hematoent and protein leve 
realizing that these measurements are onj 
measurements of concentration ContinuM 
blood loss will become evident by dimiMsh^S 
hemoglobin and hematocrit rnarke us 
loss will be reflected by an increasing p “ 
protein concentration It may be men 
that m Ihe patient receivHts 
orthodox symptoms and signs of ab 
malion and peritonitis will frequen ^ 
sent and the only indexes of their 
be a conltnued low£r de ^ver 
first two postoperative lays ar f 

ambulate and hypoprotcjneinia di^ ' 
plasma proteins into the absress 
pi, eattons should of course be treated by ap- 
propriate measures mstalto* 

'^The handhns of flu.ds 
given to patients during •>« 'h® 
operative period will be j 

instances from that of a” “'I ^ etdonde 
It has been demonstrated that ™ |j„„lial 
itutians will be distributed m _ looger 


lotions will oe uisu*l,w— 
ace in greater luantity an 
icriod than the same sdt S orotally 
iperaltvely ft has been sbosvn the 
rote, ns are mobtltzed » mamtam 

equent to a salt load m an cfiort 



163 


General Trinciples of Trcopcrative and Postoperative Care 


normal osmotic relationships In the post 
operative patient this mechanism is faulty and 
the saline solution diffuses into the interstitial 
spaces Figure 9 10 shows the plasma chlo 
ride concentration subsequent to a load of 27 



f'g 9 10 Th* p«rc<nlag« Incrvata of lh« torgm 
chlorida ol vor^lng timo IntarvoU following th* intro 
V* Oui edm n tlroiion el 37 Cm of tedium ehlerido in 
3 ()*rt of S par cani daitrota In d ilillad wolar (From 
Aral end Krtman [T) aourfaiy Annolt of Surgarf) 

Gm of sodium chloride The difference be 
t»ecn the prcopcralivc curve and that which 
occurred postopcralivcU is manifest If h)pcr 
tension or anoxia supervenes during the op 
craiion the cell members become disrupted 
and sodium and chloride enter the cell pro- 
ducing further dcnnctmenls with i lowcrmc 
of the plasma concentration levels of these 
ions 

The hindlinc of a vs iter load to patients 
postopcrxlivcK dtpends upsm iheir renal cx 
Cfclorv capacitv In v group of 20 pjlicnts 
pMcn an intravenous wusr load of t < liters 
during ihc immcdiali. posti pcrativc period 8 


maiotained good urinary excretory ability and 
12 retained the administered water In the 
latter group a few presented convulsions and 
other signs of acute water intoxication with 
dilution of the various plasma crjstalloids 
The cause for the difference of response re 
mains an enigma but indicates that each 
patient must be individualized regarding his 
personal reaction to a water load postopera 
lively The effects of the water load on the 
plasma chloride are shown in Figure 9 1 1 



Fig 911 A icoHtr d ogrom of Ih* lerum cSlendo 
coiKontrolion of lurg col pot onli who rceoived 3 p«r 
c«nt doKlrota in d itillad woter poiteparoliVBly reUrrod 
to Iho praoperoiiv* ond peiloporolivt VoIubi The heavy 
wnbvoVen I ne repieienti the meon of eoch day and the 
area between the broVen Imet repreienti the votuei be 
tween the plui and mmui itandord dev ot ont from the 
mean (From Ariel [3] courteiy AM A Arcfii ei of 
Surgery ) 

The Complicated Response 
If the surgical trauma has been extensive if 
blood loss has been great and replacement m 
adequate or dcla)cd or if anoxia has occurred 
during the operation the surgeons task will 
be great to conduct such patients through the 
immediate postoperative period Some patients 
who have been subjected to shocking trau 
matization will rebound with gratifjing speed 
In such instances a conservative therapeutic 
pohc) IS indicated In others however the 
postoperative period is puncuiilcd h) various 
complications Distressmc sequelae consist of 
prolonccd olicuria or anuria with retention of 
nitrogen sodium and chloride and the lib 
eration of potassium from the cells into the 
plismj The exact mcchsmsm for this com 
plication IS not known hut the cniit) lasts 



TABLE 9 lO—ELrcTROLVTF Conci.nt»\tions or Bjpair Solutioss Compared to Plasma 


Solution 


Cottonx (base) (m! q L) 


j Anions (acid) (mEq L) 






Cl 




Na+ 


Ca++ Afll++JV//,+ 

11 CO,- 

Lactate Citrate flPOt 

Ilasma (a\croge nonnnl) 

N2 

S 

5 

2 


103 

27 

5 


Saline isotonic 










(0 9%) 

154 





154 




Saline hypotonic 
(0 45?£>J 

Saline hjpertonic 

77 





77 




850 

(5 0%) 

850 




1 




Ringers solution 

Sodium bicarbonate 

147 

4 

6 


1 

157 

178 



isotonic (15%) 

Sodium hctate ^{jM 

178 









(19%) 

167 







167 


Saline lactate 






103 


51 


Ringers lactate 

Darrows (K. lactate) 

no 

4 

4 


1 

1 

Ul 


27 


solution 

122 

35 




104 


<3 


Ammootum chtende 










leM (09%) 





167 

167 




Ammonium chlondc 
hypertonic (2%) 

Multiple electrolyte 





375 i 

375 




solutions 










Butlers (1046) 

30 

15 



1 

22 


20 


Butlers (1050) 
Electrolyte No 2 m 

55 

23 


5 

1 

45 


26 

li 

Traverl 

(Banter) 

57 

25 


6 


50 


25 

us 

Polysal (Cutter) 

Special electrolyte 

140 

10 

5 

3 


103 


47 ® 


solutions 










Gastric 










Electrolyte Solu 
tion G (Abbott) 

63 

17 



70 

150 




Electrolyte No 3 in 
Travert (Baxter) 

63 

175 



70 

1505 




Duodenal 










Electrolyte Solu 
tionD (Abbott) 
Modified Duodenal 

138 

12 




100 


50 


60 

Solution (Baxter) 
“Ammo acids" 

80 

36 

46 

28 


63 




5 per cent 

Amigcn (Mead 









23 

Johnson) 

30 

15 

5 

2 


22 



{?3 

Ammosol (Abbott) 

43 

10 

13 

04 






87 



08 





23 

Travamm (Baxter) 

113 

55 

35 



51 



. — — - 

— 
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usually from 3 to 7 dajs after which there 
IS a profound diuresis with urinary excretion 
of electrolytes The therapy for this comph 
cation consists of a hands off policy dunng 
the period of oliguria supplying only such 
water as is lost A mild anemia is best left un 
treated because some of these patients arc 
sensitized and will develop unexplained 
hemolytic reactions to administered blood 
The surgeon must be constantly on the alert 
in such instances to treat boldly by admtnis 
tenng large quantities of electrolytes and 
water when diuresis ensues 

The response of the malnourished weak 
ened patient differs from that of the robust 
individual in many respects It may vary from 
failure to institute a reaction to stress such 
as seen m the Addisonian patient to an efTcc 
ti\e alarm reaction — but with an extreme 
proclivity to development of postoperative 
complications In such patients a preoperative 
lest of adrenal function as advocated by Thom 
may be advisable if the test indicates hypo 
adrcnalism and an operation n nevertheless 
mandatory the cautious administration of 
cortisone during the surgical period may be 
indicated and a postoperative regime may be 
instituted similar to that utilized for patients 
after adrenalectomy 

In those malnourished individuals who had 


been prepared for operation by an intensive 
preoperative regime with the aid of surgical 
intervention (gastrostomy enterostomy for 
feeding, etc ), it has been the authors expe 
rience that the nutritional status is sometimes 
more apparent than real and the bottom drops 
out after operation with the development of 
hypoproteinemia poor wound healing m 
creas^ susceptibility to infection delay in 
development of peristalsis W'lth resultant gas 
tromtestmai distention etc In such patients it 
IS advisable to push nutrients by every means 
possible avoid overhydration and excess elec 
trolyte administration keep alerted to the 
development of any complication eg hypo 
chloremia and correct it instantly before the 
chain reaction of metabolic disturbances de 
velops 

It IS essential to measure all losses from the 
body (vomiting Wangensteen suction, diar 
rhea exudates and transudates) and on the 
basis of their content of electrolytes and pro 
terns to replace these volume for volume The 
surgeon can have a better index for replace 
ment therapy by measuring the content and 
composition of body losses than measurements 
of chemical composition of the blood Table 
9 10 presents various repair solutions avail 
able for intravenous administration 
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GENERAL CONSIDERATIONS 
Operdtive risk is the percentile chance of 
the patient to sur\i\e operative intervcnitoo 
It must also include an estimation of possible 
complications and the loss of recovery of func 
tion as a result of surgery If an organ such as 
one kidney or a lung is removed tvill there be 
sufficient functioning tissue or reserve remain 
mg to carry on renal or pulmonary function’ 
Will such removal result in failure of another 
system such as cardiac decompensation as a 
sequela of pulmonary compromise?Two thirds 
of postoperative deaths occur in patients fifty 
five years or more of age 
The patient bearing so lethal a disease as 
cancer must of necessity be subjected to cal 
culated risks especially those in the older age 
brackets who often suffer also from concom 
itant metabolic or degenerative diseases This 
chapter will discuss certain of the major dis 
eases which influence the conduct of a patient 
with cancer through the surgical extirpation 
of the cancer and subsequent recovery 


OLD AGE AND OPERATIVE RISK 

Advances in medical knowledge have plaved 
a major part m the increase from 49 2 years m 
1900 to 66 7 years in 1946 m the average life 
span and in the concomitant rise in the num 
ber of aged individuals in our population 191 
second cause of death in the 
United States but the death rate per 100 000 
from cancer increases from 21 m the segment 


of population aged twenty five to thirt) four 
years to 700 m those sisty five to seventy four 
years of age Nearly 50 per cent of all cancer 
deaths can be accounted for among p3(i«W 
sixty five years and older 

The treatment of cancer in the aged a 
been handicapped by the pessimism associa e 
with cancer superimposed upon old ag o 
often the physician has to overcome an am 
tude of prejudice and resistance both in a 
ily and patient to the need of major ^ 
to circumvent an early demise from neop 
disease Surgical risk is often exaggera ® 
made to assume formidable proportion 
relation to the patient of seventy year 
older . gj 

Various excuses or reasons are o 
vanced for inadequate treatment ° ^ 

the aged patient and are worthy o ^ 

(1) He hasn t long to live ^ 

is too old and why bother to put 
.be ordeal of surgery (3) He.sto -Wj” 
stand surgery or He has heart 
(4) He has cancer and you have« t 
a chance to cure that ptcuscs 

To answer the first ° 

reference need only be made o g^g^aee 
the patient of seventy > ears has j 

expectancy of 9 22 years an e P gj^us 

eighty 5 27 years These years can be pre 

and productive ijgr da 

That patients of seventy years 
survive surgery is shown in 2 e 



l^imation of Operative 
It IS setn in'll 26 of 161 patients so treated by 
the Pack Medical Group arc aliNC and well 4 
to 10 )cars after their operations Another 75 
of the 161 patients were still ah\e one jear or 
more and their expectancy is still to be deter 
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died accounting for 15 of the operative deaths 
Three succumbed after exploratory laparot 
omj where extensive inoperable carcinoma 
of the stomach w as found 

Of the 141 surviving surgery, 110 had no 


Risk and 'Preoperath e Preparation of the Poor Risk Patient 


TABLE 10 1 — SuRviv vi. Time or Pvtients Scvevtv Years or Older Followed 
POSTOPERAT lV rL\ FOUR OR MORE lEARS DoTII LlVISO AND DEAD SUBJECTS 


Operation 

Ao of Patifitts 

Stir\i\al in 1 ears 

Subtotal gastrectomy 

2 

4 6 

Abdominoperineal resection 

5 

5 5 25 5 75 6 75 6 

Carcinoma of rectum 

1 

7 

Si5.moidectom) 

4 

4 50 4 50 7 75 7 

Hemicolectomv 

1 

6 

Radical mastectomy 

\ 

6 50 

Simple mastectomy 

4 

5 25 5 25 5 50 9 75 

Carcinoma of uterus 

2 

5 74 10 

Tumor of orophary nx 

I 

7 50 

Jaw resection 

1 

6 50 

Total glossectomv 

I 

7 25 

Carcinoma of orbit 

I 

4<0 

Cnfcinema of nose 

1 

5 50 

llemilaryngcctomy 

1 

Total 26 

5 75 


mined A salvacv rate of 62 7 per cent for a 
year or more cannot ht put o(T by the oft 
rvpcitcd statement that the patient is too old 
wi.ak sick etc to survive surgery Chrono 
loeic age per sv can never be considtrcd a 
contraindication to major surgery the d<.cision 
depends more upon the function of the pa 
ticnts vital organs and the extent to which 
known defects in function can be corrected 
Adequate treatment of cancer in the aged 
IS rewarded bv end results almost as good as 
in the younger age groups 1141 Let us con 
sidwr these In a scries of 161 aged patients 
(99 males 62 fcmaksl who had 18S opera 
tions of which 96 were major mtraabdommal 
procedures performed despite serious co- 
existing disease there were 20 operative 
deaths This represents an incidence of 12 4 
per cent of 161 patients or 10 5 per cent of 
IRS operations 

Eichtecn of the 20 operative deaths oc 
curred following major abdominal surgery 
done for 96 patients and the remaining two 
after a radical maslectomv and hcmiglossec 
tomy rcspectivelv Ten of patients under 
going major gastne siireerv succumbed and 
live of 46 patients with c ireinoma of the colon 


postoperative complications and 31 had sin 
glc or multiple complications before leaving 
the hospital Since leaving the hospital 65 
have died of ihcir carcinoma and of other 
causes with a survival of from 4 to 48 months 

PHYSIOIOGIC ASPECTS OF AGING 
The cITccts of age upon the various organ 
systems is deceptive The associated disorders 
although neither unique nor consistently pres 
ent differ considerably m degree and variety 
from those encountered in y oungcr age groups 
In the aged disease and dvsfunciion of most 
organs and tissues are encountered in varying 
degree affecting the functional reserve m a 
way that is most difTicuU to assess In some 
instances this depletion mav be serious and 
the reserve borderline or marginal 

Decreased function m one organ mav dc 
mand compensatory adjustment by other 
organ systems precipitating failure m chain 
fashion of for example the cardiac pulmo- 
nary and renal svstems This interdependence 
of function can thus be seriouslv compromised 
bv pi icing moderate stress upon the most vul 
nerablc link m the phvsiologtc mechanism 
evcniuallv precipitiimg failure of less dam 
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aged organs Thus stress or increased demand 
anywhere along the line may precipitate gen 
cral collapse 

Under ordinary conditions the aged adjust 
slowly to handicaps by decreasing activity in 
proportion to available reserve The great 
danger inherent in this outwardly normal but 
deceptive appearance only becomes apparent 
when exhaustion of reserve is re ichcd or when 
a sudden load is placed upon an organ system 
with marginal reserve capacity Under such 
circumstances a relatively minor stress might 
precipitate a chain reaction leading to dtplc 
tion of reserve function of single or multiple 
organs 

HEART DISEASE AND OPERATIVE RISK 
Use of the classifications of heart disease 
of the New York Heart Association is an im 
portant aid m evaluating the risk of surgery 
Patients m Class III C or more are poor op 
erative risks Absolute cardiac contratndica 
uons to operation include the presence of 
congestive heart failure acute mjocardial 
infarction active pericarditis or myocarditis 
bacterial endocarditis and acute paroxysmal 
or uncontrolled arrhythmias 

Increased risk is associated with cardiac en 
largement borderline congestive failure ancu 
rysms of the heart the presence of mtracardiac 
thrombi aortic stenosis or insufTictency coro 
nary disease status angionosus Adams Stokes 
syndrome carotid sinus syndrome pulsus 
alternans and paroxysmal dyspnea 

On the other hand bundle branch block 
per se incomplete heart block hypertension 
well compensated valvular disease controlled 
arrhythmias and healed myocardial infarcts 
increase the operative risk but slightly [49 59, 
96] It IS much more important to evaluate 
nsk in heart disease in terms of the functional 
therapeutic and physiologic status than m 
terms of any specific anatomic or electro 
cardiographic diagnosis 

PREOPERATIVE PREPARATION OF PATIENTS 
WITH HEART DISEASE 

Preoperative digitalization is usually indi 
cated in any patient whose heart disease results 
in moderate to marked limitation of activi^ 
Digitalis leaf can be given over a 1 to 3 day 
period in divided doses totaling 1 3 to 2 0 Gm , 
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followed by a maintenance dose of 01 Gm 
daily If digitoxm is given, 1 2 mg may be 
given initially or over a 6 to 12 hour period 
followed by a maintenance dose of 0 Uo 0’ 
mg daily The sodium intake should be limited 
lo0 5Gm per 24 hours injections of 1 to '> 
ml of a mcrcurnl diuretic should be given 
inlnmuscuhrly once or twice during a period 
of 5 to 10 days 

Patients with frank congestive heart failure 
require more vigorous and prolonged prepara 
tion Ideally, the symptoms and physical si'cs 
of heart failure should be corrected or brought 
to an irreducible minimum 7 to 10 days be 
fore operation If heart failure is untreated 
prior to operation an increase m operative 
mortality of 10 to 30 per cent can be anun 
pated Patients with marked cardiac en 
largement or borderline failure arc hazardous 
risks and should be treated preoperatively lae 
same as the patient with frank conges 
failure Every cfTort must be made to redu« 
those associated factors that increase the loan 
of the heart and contribute to its posub. 
failure These include among others the co 
section of anemia hypoprotcmeraia yp 
thyroidism and hypervolemia 

When anemia is corrected 
cordial pain and other signs and syrnpto 
heart disease may clear promptly list 
patient M.lh hear, disease 
corrected by the administration “f ^5 1 
cc of washed red blood cells 'VeO- » “ ^ 
hours until the red blood cell 
normal Acute blood ) iss is muc 
ardous since associated tachyca 
pressure fall increase the work of 
while decreasing its oxygen ^ 

Hypoproteinemia will disease 

formation in the patient wi 
The decrease m osmotic pr 
hypoproteinemia may be su j. y veti 
e"ma but when the V 

ous pressure due to heart ® . effusion 

pulmonary edema ascites P 
and massive edema may rap J (gj with 
tein deficiency may also be 
incipient beriberi heart isea 
protememia can sometimes 
the red cell mass is normal! oy j 

.ration of 25 to 50 O'" “ 'fp„,e,a.«P 
intravenously Replaceme P 
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ticnts with cardiovascular disease IS limited by treatment consists of the administration of 


the need for salt free protein human albumin 
being the most cfTcctive The more available 
less expensive salt poor hjdrolysates arc an 
unsatisfactory compromise Edema due to 
hypoprolememia is frequently impossible to 
correct by the administration of digitalis di 
urctics or by vigorous salt restriction 

Hyperlhyroidisni may precipitate heart 
failure by its demand for increase m cardiac 
output and must be controlled preoperativcly 
preferably with one of the antithyroid com 
pounds 

Increased bhod \oUtme and blood Mscosity 
as seen m polycythemia may demand preoper 
alive phlebotomy to prevent operative or post 
operative circulatory failure or thrombosis 
Excessive or rapid transfusions or infusions 
bj suddcnl) increasing the blood volume may 
exact excessive demands on the heart and 
precipitate sudden failure 
Any activity that suddcnl) demands an tn 
crease in cardiac output may precipitate heart 
failure These include infection sudden exer 
tion fever prolonged cough hot humid 
weather and others In the last situation the 
use of an oxjgcn tent not only helps control 
anoxia but will provide favorable humidity 
and temperature 

The administration of cortisone ACTH 
DOCA testosterone or estrogens promotes 
retention of salt and ma) precipitate heart 
failure 

The patient who his a hcilcd myocirdnl 
infarct tolerates mnjor surger) surpnsincly 
well with a mortilit) rate of about 6 per cent 
but he IS subject to grcatlv increased rcspira 
tor) complication ntc (59) Dicitalis ind di 
urciics mav be given preoper itivelv provid 
me evidence of low cardiac reserve is present 
Even more important arc the prevention of 
a fall in blood pressure durme operation and 
meticulous attention to postoperntive circ A 
pHicnt witK acute mvoeirdiil infarction 
should not be subjected to ins but the most 
emcreent surgical ircaimeoi within six lo 
cfht weeks after the onset 141) Lmcrccncv 
operation under such eireunut mccs is asso 
cijicd ssuh a XO per cent moil ihls 

/<«ei/Tfi peclnm is con idercd a prcvurvor of 
msKardial infarction md p ilients v,iih severe 
angina rcaet pt^ofls jo opet ilu n Prcopetatise 


nitroglycerine and oxygen combined with 
digitalis diuretics and salt restriction when 
indicated The maintenance of normal blood 
pressure and adequate oxygenation is man 
datory 

Patients with aortic disease of rheumatic or 
syphilitic origin fall into a similar category 
They arc particuhrly susceptible to a fall in 
blood pressure which mav result m sudden 
and fatal decrease m aortic pressure and in 
coronary blood flow 1771 Although perhaps 
less subject to auricular fibrillation they are 
prone to develop sudden and severe pulmo 
nary edema Angina pectoris or coronary in 
sufficiency frequently occurs and may be mis 
taken for acute infarction 

The presence of mitral disease constitutes 
an increased operative risk Preoperativcly 
digitalis, diuretics and salt restriction arc m 
slituted when the cardiac reserve is low The 
possibility of acute myocarditis m a patient 
with rheumatic heart disease exists when fever 
tachycardia and respiratory distress arc pres 
ent and major surgery, unless of an acute 
emergent nature is contraindicated 

Marked hypertension with attacks of parox 
ysmal nocturnal dyspnea (in reality episodes 
of transient acute left heart failure) generally 
IS an ominous combination usually associated 
With severely limited cardiac reserve Preop 
crative preparation includes dicitalization a 
trial of the hypotensive acents rigorous salt 
limiintion mil salt depletion with mercurial 
diuretics as necessary A period of rest in the 
hospital under adequate sedition is most dc 
sirabic If attacks of nocturmi dwpnca per 
list major operative procedures should not 
be performed unless the iltcrnativc to non 
surgical management is death or sutTcring 

alternans is often overlooked and 
almost always indicates serious myocardial dis 
ease U IS commonly associated wiih prolonged 
hypertension ind coronary artery disease 
I quail) hazardous openlive risks exist in pa 
licnis subject to episodes of Adams Stokes 
syncope due to cardne arrest or piroxysmil 
ventricular tachycardia Preoperativcly such 
patients should be dipinhrcd if the Mock iv not 
due to digiiahv and should perhaps be given 
airopinc in dovrs of OJ to 1 0 nic even 8 
hvuTv ind ephedrine sulfate 50 lo lOO me 
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and/or 15 lo 45 mg of isopropyl norcpmcph 
rmc (Isuprcl) every 4 to 6 hours Quinidinc 
should not be given to these patients Cardiac 
arrest should be anticipated as an operative 
complication and facilities should be available 
for cardiac massage and defibnllation Shock 
and anoxn arc always of serious import and 
great danger to the patients survival, i£ 
severe 

The patient with essential hypertension 
usually tolerates major operations well with 
proper preoperative care 

Patients with diseases of the pcricardititn 
unless active and inflammatory in nature can 
be prepared over a period of time for cardiac 
Or other operative procedures bv measures al 
ready described 

FALLIBILITY OF TESTS FOR EVALUATING 
CARDIAC RISK 

Of patients with coronary disease 25 to 40 
per cent mav have a normal resting electro* 
cardiogram and the history and physical find 
mgs may be unremarkable The exercise and 
anoxemia tests may uncover borderline or un 
suspected heart disease in a signihcant pro 
portion of but by no means all individuals 
[83] The mterdependcnce of respiratory 
renal and cardiac functions is probably re- 
sponsible for many unexpected cardiovascular 
complications since failure of one system may 
so often lead to embarrassment and failure of 
others For example anoxemia resulting from 
pneumonia or atelectasis or renal failure 
(treated with excessive administration of 
salme) may lead to heart failure 120] Be 
cause of this organ interdependence multi 
pie disorders enhance the risk of each single 
abnormality and complicate evaluation of the 
operative risk whether it be in terms of cardiac 
pulmonary renal nutritional or other classi 
fication 

EFFECTS OF OPERATIVE TRAUMA AND 
ANESTHESIA UPON CARDIAC RISK 
Postoperative cardiac complications are 
closely related to the duration rtiagnttude and 
site of the operative procedure The choice 
and hazards of various anesthetic agents are 
discussed elsewhere ^ympathomimelie agents 
increase the work of the heart difpro 
portionately to any associated inetease m 
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coronary blood flow and may precipitate ar 
rhyihmias, particularly during cyclopropane 
^ncsthcsla \Vhcn shock does not appear to be 
due lo blood loss or lo arrhythmia the patient 
with heart disease can be gisen 2 to 4 me of 
norepmephnne suspended m a solution of 250 
cc of 5 per cent glucose In genera! blood 
and fluid replacement should not exceed the 
estimated loss and should be given at a rate of 
5 to 10 ml per minute Any concentration of 
oxygen less than 20 per cent m the inspired 
air will definitely handicap the cardiac patient 
and should never be permitted Oxygen should 
be continued for thrue to five days after the 
operation 

Pituiinn should not be given when pentoihal 
IS the anesthetic agent especially m patients 
with heart disease because of the deletenous 
effects of this combination on coronary blood 
flow and blood pressure [63] It is perhaps 
wise never to give parenteral pituitrin to a 
cardiac The positioning of the patient affects 
vital signs For example sudden tiltins nay 
lead to irreversible hypotension even m * 
normal individual [95] 


CARDIAC ARREST 

Cardiac arrest has responded to adequatt 
treatment m over 50 per cent of . 
stances ‘Arrest persisting for 
eight minutes is almost always fata! ^ 
of the external cardiac pacemaker 
Zoll can be quickly applied and may ob 
the need for cardiac massage m many 
stances Until the chest is 
heart exposed efforts to massage 
the diaphragm when the abdomen is p 
should be made After exposure of the 
this organ is grasped with *5® “ 

norly cradling the left ventricle of 

and rhythmic massage is be^n a 

60.o70..n.«perrr,mu.e^n^^^^ 

due to ventricular fibrillation rjoj 

must be done with appropriate ^PP j to 

If the heart fails to respond to mas ag 
5 rag of epinephrine may be ^ 
the left ventncle but when ventricuto fij 
tion IS present intracardiac mje 
nephrme is contraindicated jjunended 

injection of epmephrine is n ^ 
unless the heart is exposed 
cardiographic evidence of j 
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normalit) ts asailable Under fa\orable con 
ditions the heart usually resumes regular 
rh)thmic contractions after a few minutes 
Mih restoration of blood pressure and fre 
quenth the operation ma) be successful!) 


cular and cerebral complications A cerebro- 
vascular accident ma) occasionally be the first 
symptom of myocardial infarction (27] Pul 
monaty congestion affords a good culture me 
dium for bacteria making the lung susceptible 


TABLE 10 2 — OpERATnr Survival in Carduc Patients 


Author Rheumatic 
So Patienis Heart 

'c Deaths Disease 

llypertensixe 
Cardio 
\ oscular 
Disease 

Arlerio 

sclerotic 

Heart 

Disease 

\l\ocordiat 

Infarct 

Angina 

Heart 

Block 

Heart 

Failure 

S)phililic 

Heart 

Disease 

Hidman 

316 (20)* 

60(1 6) 

9! (30) 

44 (0) 

8 (120) 

3(33) 

n (0) 

30(10) 


Barnes 

10 (10) 




22 (0) 

3(0) 


10(0) 


Sentuna 

416 (I 3) 


446 (1 S) 







Brumm & 
NViIlius 

257 (4 3) 









Levine 

414 (6 3) 

120(2 1) 

400 (1 0) 

138 (49) 

20 (40 5) 

33(7 7) 


50(17 1) 

11 (9 1) 

Love 

78 (18) 

16(06) 

29 (3 4) 

34 (29) 






Sprague 

76 (24 7) 
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concluded Man) times unfortunaicl) the 
heart either fails to resume normal conlnc 
tions or when u doss the blood pressure is 
poorly maintained arrh)thmns develop ind 
acute conccstivc failure appears Even more 
discouractng is the patient who recovers but 
as a result of cerebral anoxemia exhibits per 
mancnl brain dimacc (tot 1 17 118] 

OPERATIVE MORTAllrr FOR PATIENTS 
VPITH HEART DISEASE 
Table 10-2 cmphaM7cs ihc dillicult) in cnii 
mitmc the operative risk m patients with 
heart disease and indicates that arlcriovclerotic 
heart disease wuh or wiihoui infarction an 
pia pectoris and conurMisc failure mav he 
associated With a hi h me miits 

the treatment of postoperative 

CARDIOVASCULAR COMPLICATIONS 

I lean disease i\ asvv t J «* i h an mere iscd 
**’ 'd— ICC o^ pulrni UIS jcnjl per pher j| % 


to complicating pneumonitis Diminished 
cardiac output leads to a striking decree of 
renal dvsfunction and slowing of peripheral 
blood flow may precipitate thrombophlebitis 
and phlcboihrombosis Concurrent dysfunc 
tion of other organs may adversely iffect 
cardiac function 

OXYGEN THERAPY 

All poor risk patients with heart disease 
should bt given oxvgcn postopcralivciv for 
one to three davs Anoxia can precipitate car 
diac renal pulmonarv and cerebral comph 
cations Oxvgen can be supplied by mavL 
catheter or an oxvgen tent affording concen 
{rations of from ^0 to 100 per cent 10 to 40 
per cent and 40 to f>0 per cent rcspcctivclv 
ntw 901 

POSTOPERATIVE FLUID ADMINISTRATION 

Parenteral fluids should not exceed 800 to 
I ““ ».s vKive the measurable fluid hiss So 
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saline except for that aclvially needed for rc 
placement of loss should be given in the first 
24 hours Usuallv 0 1 to 0 5 Gm daily suf 
flees 

POSTOPERATIVE NURSING CARE 
The patient should be spared any unncccs 
sar) exertion but deep breathing exercises 
followed b) brief periods of coughing and 
periodic aspiration of mucus from the naso- 
pharynx arc necessary to avoid respiratory 
complications since the latter inevitably put 
an even greater strain on the heart Frequent 
change of position will help to prevent hydro- 
static pulmonary congestion and will encour- 
age cough Mild passive and active flexion of 
the feet legs thighs and arms maintains 
muscle tone and circulation in the extremities 
Unless there is marked cardiac or respiratory 
distress rapid thready pulse, unsteady blood 
pressure or cyanosis the patient with heart 
disease should be urged to dangle and sit up 
in his chair just as soon as the patient without 
heart disease While confined to bed the car 
diac should be kept in a scmicrect silting post 
tion or the entire bed should be elevated 6 to 
8 inches at its head [37] 

Acute pulmonary edema myocardtal m 
jarction arrhythmias and cardiac arrest arc 
the most feared operative and postoperative 
cardiac emergencies If these develop during 
surgery operative manipulation should cease 
until the vital signs have been restored to nor 
ma\ If any evidence of anoxia is present in 
tratracheal anesthesia should be promptly 
instituted and in the presence of pulmonary 
edema oxygen can be given under a positive 
pressure of 3 to 5 cm of water This positive 
pressure is gradually reduced to 2 era then 1 
cm and then to atmospheric pressure 
Emergency treatment of acute pulmonary 
edema consists of the prompt administration 
of oxygen under positive pressure if necessary 
morphine subcutaneously in doses of 10 to 20 
mg the application of tourniquets in rotation 
to the extremities and m the undigitalized pa 
tient the intravenous injection of 1 6 me of 
lMalos,deCor0 25 m6 toOSmE ofstrophan 
Ihm Inhalation of ethyl alcohol is effective 
isil An electrocardiogram should be ob 

lamed If within one to two hours marked 
improvement does not occur phlebotomy 
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should be considered Seven hundred to 1 000 
ml of blood should be ssithdrawn as rapidly as 
possible [35] If bronchospasm is prominent, 
bronchodilators can be given 

Atyocardial Infarction is a relatively nn 
common operative and postoperative cornpli 
cation It differs m several important resp^ 
from myocardial infarction unassociatcd luth 
surgical procedures Only 30 to 40 per cent 
of the patients developing myocardial infarc 
tion during or after surgery complain of sub- 
slcrnal pain Dyspnea is also rather infrequent 
Fifty per cent of the patients with postopira 
tivc or operative myocardial infarction d^ 
\clop It within a few hours to three days after 
the start of anesthesia Occurrence of sbocl 
intraopcratively seems to be a contributin'' 
factor The mortality vanes from 40 to 66 pet 
cent Treatment is the same as for myocardial 
infarction not associated with surgery 
the possible exception of caution m the use c 
anticoagulants and includes the use of o') 
gen morphine 10 to 20 mg subcutaneously 
every 2 to 4 hours— or even intravenously- 
for the control of pam The control of arrh) 
mias and the management of congestive ea 
failure require immediate attention 


CARDIAC ARRHYTHMIAS 

Arrhythmias may complicate the 
live operative and postoperative perio v 

patient with uncontrolled arrhythmias ou 

subjected to operative intervention ^ 

contractions (auricular and 

systoles) may indicate 

and warn that more enous an y j 

develop during the rperauve an P ^ 

live periods ge Vdniian 

can sometimes be controlled by 
tration of 30 mg of phenobarbital f 
a day If there is any 
cardiac reserve preoperativc 
may result in the disappearance ol 
systoles Qumidine once P°P ^ extra 

fectivc can be given to contro r q 

systoles If toxic reactions {tinm ^ 
vomiting diarrhea) do not occ 
dose of 0 2 Gm 0 4 Gm may be giv 
three to four hours When t >e 
are due to digitalis _a,ne 

spond to the above measures p or 

(Pronestyl) can be administered by m 
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bj vein in doses of 0 5 Gm every forty-eight 
hours as necessary giving not more than 100 
mg per minute and discontmumg the admin 
istration of the drug if there is any blood 
pressure fall [104 70] When given mtra 
venouslj electrocardiographic control is nc 
cessary 

When frequent extra systoles appear during 
the operation they are usually promptly con 
trolled by the intravenous administration of 
procaine amide if hypotension supervenes it 
can usually be controlled by the intravenous 
administration of norepinephrine in doses of 
2 to 5 mg Nausea vomiting and diarrhea are 
less frequent side reactions following the ad 
ministration of procaine amide Qumidme 
lactate may be given intramuscularly by pref 
crence or rarely intravenously in doses of 0 2 
to 0 5 Gm but 30 to 45 minutes may elapse 
before the arrhjthmia is controlled Because 
of occasional senous reactions to intravenous 
qumidme it is reserved for serious emergen 
cies only and is then given with constant elec 
trocardiographic control (56) 

The supra\entnciihr paroxysmal arrhyth 
imas include auricular fibrillation auricular 
flutter auricular tachycardia and nodal tachy 
cardia Since their treatment is similar they 
will be considered together The drug of choice 
IS digitalis If digitalis has not been given pre 
viously 1 6 mg of lanatosidc C (Ccdilantd) 
may be given intravcnousl) [102] Such medi 
cation may control the arrhythmia within a 
few minutes to several hours If the arrhyth 
mia IS not controlled withm forty-eight hours 
oral intramuscular or intravenous qumidme 
as suggested may be tried Procaine amide 
(Pronestvl) docs not appear to be as effective 
but may prove useful where the patient is al 
ready dicitalizcd or if digitalis and qumidme 
fail to control the abnormal rhythm When 
supraventricular tachvcardia occurs during 
surcery the operation should be suspended 
until ihc arrhvthmia is controlled 

t erttriciilar lachycarjia is a danecrous car 
diac complication and is usually associated 
With grave underlying heart disease Untreated 
and unchanced it leads to the death of Ihc 
patient In most instances CUnicallv U nvav 
manifest itself onlv hv rapid recular heart 
beat vsith the patient comphminc perhaps 


only of palpitation moderate dyspnea and 
some precordial distress Usually however Jt 
IS associated with severe respiratory distress 
blood pressure fall and other signs of circu 
iatory collapse Exact diagnosis can only be 
made electrocardtographically but it may be 
suspected in the patient with an almost regular 
tachycardia of 150 to 200 per mmule when 
there is (o) a changing first heart sound in 
the nonfibnllator, (b) complete failure of any 
change m the rate following vigorous vagal 
stimulation or (c) when there is a past history 
of preceding frequent ventricular extra sys 
toles 13) 

The treatment is intravenous procaine amide 
(Pronestyl) in dosages of 0 5 to 2 Gm given 
under electrocardiographic control at a rate 
not to exceed 100 mg per mmule over a 
period of ten minutes to one hour Qumidme 
may be given as previously outlined It is 
generally felt that digitalis should be withheld 
until the arrhythmia is controlled since this 
drug increases myocardial irritability [55] 

Supplementary care of any patient with 
arrhythmia should include Ihc free admmis 
tration of oxygen adequate sedation (30 to 
60 mg of phenobarbital four times daily) 10 
to 20 mg of morphine when necessary and 
salt restriction Precipitating causes such as 
pain injudicious infusions anoxia ccrtnin 
drugs marked anxiety intubation and other 
surgical procedures should be appreciated 
Thyrotoxicosis uncontrolled infection pulmo 
nary and/or myocardial infarction arc possi 
blc complicating and contributing factors If 
congestive heart failure develops digitalis 
diuretics and salt and fluid restriction should 
be instituted as described under the care of 
congestive failure 

THE RESPIRATORY TRACT AND 
OPERATIVE RISK 

Pulmonary disease usually results m a com 
hinatton of ventilatory and alveolar rcspira 
lory dysfunction producing symptoms on the 
basis of mechanical and physiologic altera 
lions The end result m both instances is a 
decrease in artcnal oxvgcn saturation increase 
m carbon dioxide tension [4] and a fall m 
the pH of the scrum compensated for m part 
hv hyperventilation 
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PfiEOPERATIVE PREPARATJON 
Pfcoperative treatment wjll be considered 
from the point of view of the pathophysiologic 
abnormality Obstruction of the airwaj ma) 
be functional and parth reversible when 
due to bronchospasm secondary to allergy 
(asthma) emphysema chronic bronchitis, or 
certain drugs such as Mccholyl Broncho 
spasm mav be manifested by asthmatic cpi 
sodcs wheezmg dyspnea, cough or expecto- 
ration occurring together with prolonged 
expiratory breath sounds The prolonged ex- 
piratorv phase of respiration can easily be 
confirmed by doing a spirogram Admmistra 
lion of bronchodihtors may result in a 50 to 
100 per cent increase in the vital capacity and 
maximum breathing capacity One or all of 
ihc following medications may be given (o 
minimize bronchospasm cphcdrinc sulfate 
ind phcnobarbital 25 mg each 4 times daily, 
ammophyllm suppositories 0 5 Gm every 8 
hours epinephrine in oil 1 cc of a 1 500 
solution intramuscularly twice daily and for 
acute episodes ammophyllm, 025 Gm, given 
intravenously slowly or epmephnne 05 cc 
of a 1 1 000 solution subcutaneously Acrosal 
inhalation of 2 25 per cent racemic epmeph 
nnc acrosal (0 3 to 1 0 cc ) is often very 
effective m warding off episodes of broncho 
spasm The latter (Vaponcphrinc) may be ad 
ministered by vaporizing « with a hand msuf 
flator attached to a nebulizer or by means of 
oxygen (4 to G liters per minute) flowing 
through the nebulizer during the inspiration 
when one end of a Y tube is closed to force 
the oxygen into the vaporizer fSj 
It these drug! are not eHeel.ve cortisone 
prednisone or prednisolone often cffecls dra 
matte HTtprovcment Cort.wne may be green in 

evOT sre T riy 

nredn s I hours Prednisone or 

Tot aeS smee they do 

-8h. hours Whenever ttaseTter^rnm n'^ 
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anesthesia achieved m the usual fashion or by 
rectal instillation of a mixture of 40 cc of 
ether and 40 cc of mineral oil, which may be 
very cfTcclivc Since bronchospasm is so con 
mon to many pulmonary diseases resort to 
one or more of the above measures often re 
suits in marked respiratory improvement 

Obstruction of the tracheobronchial tre** 
may result from bronchial and pcribroncbia! 
fibrosis as a result of chronic lung disease and 
may occisiomlly be due to kinking of a 
bronchus ns a result of tumor mcdiastmsl 
shift or pulmonary fibrosis with coairaction 
Although little can be done to correct such 
abnormalities awareness of their presence pre 
operatively allows one to take vigorous meas- 
ures to prevent retention of secretions post 
operatively Obstruction to the airway is often 
iniralummal as a result of inflammation 
(chronic bronchitis etc), mucosal edema 
accumuhtion and retention of secretions m 
the tracheobronchial tree foreign bodv, aspi 
ration, or tumor 

Bfonchodilators should be given in coo 
yunction with measures to increase coughH’? 
and expectoration including the use of P'’* 
tural drainage steam inhalation and, ifnecss 
sary tracheal aspiration Expectorants suvb 

as ammonium chloride in doses of Ho * 
four times a dav or 5 to 1 0 drops of a sawra 
solution of potassium iodide may be cr^ 

ployed although their effectiveness is ojwa 

question Sedative coi c,h remedies shou 
avoided since they m only irnpatr . 
reflex but also depress the ciliary action 
Such detergent solutions as Zephirao (a ) 
dimethyl benzyl ammonium chloride la aq 
ous solution) or serosal®^ (dioctjl cs 
sodium suUosuccmate) may facilitate 
toration of mucoid secretions Trypsin fc 
by acrosal inhalation liquefies diy an 
chial secretions that are difficult to 

Intraluminal tracheobronchial ° 

IS always associated with infection ® , jj 

degree and persisb until the , /m 
corrected Administration of an i i 
aerosal inhalation provided ,ontif 

with oxygen as described m the i 
the use of brODchodilators has P ,gjl 
be as effective as hoped but p^> ^^^^5 

cium) may be given fay this me 
of 200 000 to 500 000 units every J w 
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OotctracN dine ( Aureom% an) streptom^ cm 
and t«rac\dine fTenamscm) ma% be swm- 
larh administered m doses of 250 to 2^00 
mc-, particular^ when sensiu\it\ studies of 
the organism recostred from the sputum tndi 
cate greater cffecU'eness All such patients 
and cspecialh when the temperature is ele 
s-a ed as a result of respiraton disease pneu 
monitis bronchitis or bronchiolius should 
be p\en antibiotics parenteralh as well as 
bN acrosal administration in dosages of 300 » 
000 units daih together with dihsdrostrep- 
lomscin 1 Gm dails Alveolar edema as a 
result of concestise heart failure is treated as 
d scussed in the section on cardiovascular dis 
eases The importance of controlbng obstruc 
tion and secondarv infection in the trach-o- 
tronchial tree preoperativelv cannot be over 
emphasized and anv or all of the methods of 
treatment discussed must be vigorousK cm 
ploved if postoperative complications and mor 
tahtv are to be kept to a minimum 

Nleasures common to the preopcrativ c treat 
mem of all respirator) disease include control 
of infection removal of retained bronchial 
secretions and the use of bronchodilators to 
combat bronchospasm Smoking should be 
discontinued for two to three weeks pre 
operativelv because of the imiaiive effect on 
the bronchial mucosa Thv patient should \k 
instructed in deep breathing csercises Since 
paihoccnic bacteria arc associated with smus 
1 IS gmcivitis eanous teeth and other oral 
infections these conditions must be controlled 
frecpi.rativel> to avxiid spread to the lung 
durnc anesthesia and surcerv and during the 
later postoperative periods 

Chronic cor pulmonale develops as a result 
of chronic long standing pulmonarv disease 
^tanv of these patients have such severe pul 
i^onarv dvvfunction that major surgen is 
contraind eated but some can be improved 
to withstand operation cspeciallv 
wh'*;} i*'e circufatorv chancev are reversible 
IMl 

Treatment should bt d rccted toward cor 
rr**i n of anv aswcuted pu’tnonjrv infecuon 
hv t^e adminis ration of toe«i*'ei 

h bfoovhod fatorv pneservaiion of the 
c 'u h and the t le rh'e*v (. -'v is ind 

d when t*-c bema oent rises jIkwc per 
c wh-m It IS pvHs*'’- Jo measure tb~ 


blood volume the latter is 20 per cent more 
than nonnal Right heart failure responds to 
the use of digitahs and such patients should 
be digitalized preopcrativ elv and given oxvgen 
for cvanosis if it does not depress respiration 
Lmutatioo of aclmtj to avoid overe\ertion 
with resulting anoxia and scrupulous attention 
lo prevent infection are essential to prevent 
recurrent right heart failure 

Patients with pulmonarv tuberculosis with 
out evidence of senous ventilatorv or respira 
tor) dvsfuQClion are in general fair operative 
risks Active pulmonarv tuberculosis demands 
the same treatment as would be given regard 
less of the surgical procedure contemplated 
for the management of cancer For example 
pneumothorax should be mamtamed and spe 
ciffc measures such as streptomvem para 
amtnosalicv he acid or niazide continued 

Preoperativc medication should be chosen 
with care m anv patient with pulmonarv dis 
case Opiates should not be emplovcd since 
thev paralv'ze the ciliai) action depress the 
cough reflex and mav cause bronchospasm 
1921 Phenobarbital and amvtal mav be given 
intramuscular!) m doses of 0 2 to 0 3 Gm In 
choosing an anesthesia it is essential to pro- 
vide adequate oxvgm at all times 113) 

THE PREVENTION AND TREATMENT 
OF POSTOPERATIVE RESPIRATORY 
COMPLICATIONS 

Much of the morbidilv and mortahlv of 
major surgerv can be ascribed to postoperative 
pulmonarv complications Such complications 
assume major proportions in anv patient with 
known pulmonarv dvsfunction due to emphv 
sema chronic bronchitis bronchiectasis pul 
monarv fibrosis and thoracic cage abnormal 
iiv Careful attention lo anv prcopsraiive 
respirators compheauons will significanfh re 
ducc the incidence and sc'entv of pov opera 
tivc pulmonarv complications Space docs not 
permil a discussion of individual discave cn 
titles but emphasis will be placed upon the 
factors that cause pulmonarv complications 
their prevention and treatment Important 
mcavuttv acam include those directed at mam 
tenance of an adequate airwas preservation 
of cilurv 3-tion and brsm-hopens a’«s aJe 
quate suppls c' oween and effective vcniila 
t'^n function Realizat on of these coa’s 
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demands constant vigilance and prompt action 
Mechanical factors such as mucous plugs 
larjngospasm limited respiratory movements 
due to splinting of the thoracic cage from pain, 
and injudicious bandaging of the chest inter 
fere With ventilation and may adversely affect 
carbon dioxide and oxygen exchange with 
resultant dyspnea orthopnea and cyanosis 
Abnormal respiratory gas exchange may re 
suit from (1) profusion of nonfunctioning 
aheoli by normal capillaries (2) profusion of 
normal alveoli with inadequately oxygenated 
blood (3) normal blood passing through dis 
eased capillaries (4) poor gaseous diffusion 
across the alveolocapillary membrane or (5) 
inadequate oxygenation of the alveoli 

Pulmonary function can be impaired by 
improper choice of preancsthetic and ancs 
thctic agents 

Regurgitation of gastric contents with their 
digestive enzvmes and hydrochloric acid mav 
result m necrosis of the pulmonary tissue 
secondary bacterial invasion and severe post 
operative pneumonitis and atelectasis [331 
V^en the operation is comp!«.tcd, the lungs 
should be inflated with gradually decreasing 
oxygen concentration and finally with atmos 
phene air or atelectasis may develop before 
the patient is returned to his room since 95 
per cent oxygen will be rapidly absorbed from 
lung tissue that is not continuously aerated, 
whereas the 80 per cent nitrogen content of 
atmospheric air will prevent such collapse 
[113] Nasal pharyngeal and tracheal suction 
should be continued until it is known that the 
airways are patent before the patient returns 
to his bed 


In the immediate and very important posi 
operative period every cart should be exei 
cised Frequent suction of the nasopharyn 
and trachea is desuable Any tendency to hx 
poventilation must be quickly mvestigatec 
and when due to respiratory depression fror 
anesthesia or drugs respiratory stimulants in 
eluding caffeine sodmm benzoate or eve 
picrotoxin are indicated If due to accumc 
ation of mucus m the tracheobronchial tree 
the latter should be aspirated by tube or broil 
choscopy if necessary when it is the result o 
cardiovascular complications it should b 

SumT f elsewhere an 

should the hypoventilation result from im 


patent airway tracheostomy should not be 
delayed if other measures are unsuccessful 
Tile patient should be turned frequently and 
encouraged to cough and analgesics should be 
given ns sparingly as possible 

PULMONARY INFECTION 

Postoperative bronchitis and pneumoniiis 
almost routinely follow bronchial or bron 
chiohr obstruction whether it is due to re 
lamed secretions aspiration or other cause 
Major surgery is frequently complicated by 
pulmonary infection and it is perhaps wise to 
administer 300000 units of procaine pemcil 
lin twice daily together with 1 Gm ofstreptO" 
mycin daily postoperatively many times these 
drugs arc given 24 to 48 houn preoperatively 
ns well There is little doubt that such a policy 
has reduced the incidence and minimized the 
seventy of lung infection and can ordinarSy 
be recommended following major surgery V * 
arc aware that such a policy may affect altera 
tions m the normal bacterial flora of man an 
secondary infection particularly with stap J 
lococcus may develop during antibiotic t er 
npy It IS also possible that if tuberculosis 
present the administration of streptomyci 
may mask this disease , 

Acrosal inhalation of penicillin hes pro 
only moderately effective in the treatment 
tracheitis bronchitis and *’tt>nchopneuin 
The drug is given in doses of 100 00 o 
000 units of calcium penicillin every 
four hours in the manner ^escrib^ tor ^ 
administration of bronchodilators ^ j 

ores described for the mamteoance o 
airway and the need fv t bronchodila o 
not be neglected surply because the pati^ 
has been receiving antibiotics 

OTHER POSTOPERATIVE PULMONARY 
COMPLICATIONS 

Pneumothorax is a not too ^nd 

plication following surgery o obscure 

neck region or thorax and Occa 

cause of sudden respiratory ^be 

sionally repeated aspiration ° j,spref 

pleural space will suffice but us ^pace 

erable to place a tube m t e P ^,1 
connected to underwater draioaF 
afford protection against le 
thorax 
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Estimstion of Operafne Risk, and Preoperatire Preparation of the Poor Risk Patient 


Pleural effusion almost routinely occurs 
when the thorax is opened and may develop 
as a result of infection or heart failure Aspira 
tion of the fluid when respiratory distress or 
unexplained fever occurs is indicated Occa 
sionally the use of diuretics particularly when 
the effusion is due to congesti\e heart failure 
may speed the disappearance of such fluid and 
help prevent its recurrence All such fluid as 
pirated should be sent to the laboratory for 
studies of specific gravity cell count culture 
and cell types The empj ema most fre 
quentl) seen postoperatuely is the result of 
operative procedures in the thorax or follow 
mg pneumonitis Vigorous administration of 
antibiotics parenterally and mtrapleurally 
often obviates the need for open drainage 
When the fluid 15 too thick to aspirate instil 
lation of streptokinase streptodornase or 
trypsin often liquefies the exudate so that jl 
can be easily aspirated by needle [111] Fail 
ure to control infection or increasing respira 
tory distress due to empyema however de 
mands open drainage of the infected pleural 
cavity The management of lung abscess and 
pulmonary hemorrhage 1$ outside the scope 
of this discussion 

LIVER DISEASE AND OPERATIVE RISK 

Liver disease increases operatiie nsk and 
the greater the damage to the liver the greater 
IS the operative risk Severe grades of impair 
ment are relative contraindications to major 
surgical procedures and active hepatitis is an 
almost absolute contraindication 

Because jaundice secondary to obstruction 
of the biliary tract is susceptible to correction 
by operative methods differentiation of the 
two becomes imperalue At times such dif 
fcrcntiation is not possible particularly if the 
jaundice is due to a combination of paren 
chymal and obstructive causes It is not our 
purpose to discuss the differential diagnosis 
of jaundice but rather to describe the method 
of preparing patients with liver disease for 
operation and to discuss the postoperative 
management 

Parenchymal disease of the liver can be 
rouchly estimated by the available liver func 
tion tests In general major operative proce 
durcs arc contraindicated when one or more 
of the followmi; is present a ccphalm floccu 


lation test of 3 plus or more bromsulphthalein 
retention of 35 per cent or more a serum al 
h iimin level of 2 5 Gm or less and a pro- 
thrombin time which remams elevated despite 
the administration of parenteral vitamin K. 
[58] Excretion of hippunc acid of I 5 Gm or 
less or excretion of more than 5 Gm of galac 
tose IS a contramdication to major operative 
procedures Marked elevations of serum glu 
tamic or pyruvic oxalacetic transaminase indi 
cate the presence of active liver cell damage 
and are therefore a contraindication to major 
surgery 

If other liver function tests are relatively 
normal an elevated alkaline phosphatase sug 
gests that the jaundice is obstructive if such 
elevation is not due to osseous disturbances 
[87] When there is no urobilinogen either in 
the unne or stool the jaundice is usually ob 
structive [114] 

PREOPERATIVE CARE OF PATIENTS WITH 
LIVER DISEASE 

The patient with liver dysfunction is ade 
quately prepared for surgery when after treat 
ment the serum albumin has risen above 3 
Gm per cent the prothrombin time is near 
norma] the bromsulphthalein retention is be 
low 20 per cent cephalin flocculation is 2 plus 
or lower and when anemia and blood volume 
deficiencies have been corrected Two to three 
weeks of treatment arc often required to pro 
duce significant improvement which can often 
be accomplished by the feeding of a diet high 
in protein and carbohydrate and moderate m 
fat unless liver coma is imminent 

The diet should contain from 120 to 140 
Gm of protein 350 to 400 Gm of carbo- 
hydrate and 100 to 175 Gm of fat The fat 
content of the diet may appear relatively high 
but diets containing less fat are unappetizing 
^Vhen biliary obstruction is present diarrhea 
may result from the feeding of fats and in 
such instances this type of food should be re 
stneted or pancreatic extract (Viokase) be 
given Vitamin supplements should include 
50 000 units of vitamin A preferably m an 
aqueous solution and 5 000 to 10 000 units of 
vitamin D Vitamin B can be administered m 
the form of brewer s veast 30 to 50 Gm per 
day or vitamin B complex containing at least 
20 me of thiamine 100 mg of nicotinic acid 
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demands constant vigilance and prompt action 
Mechanic d factors such as mucous plugs 
hr)ngospasm, limited respirator) movements 
due to splinting of the thoracic cage from pain, 
and injudicious bandaging of the chest inter 
fere with ventilation and may adversely iffcct 
carbon dioxide and oxygen exchange with 
resultant dyspnea orthopnea and cyanosis 
Abnormal respiratory gas exchange may re 
suit from (1) profusion of nonfunctioning 
aheoli b) normal capillaries (2) profusion of 
norm il alveoli with inadequately oxygenated 
blood (3) normal blood passing through dis 
t iscd capillaries (4) poor gaseous diffusion 
across the alvcolocapillary membrane or (5) 
inadequate oxjgcnation of the alveoli 

Pulmonary function can be impaired by 
improp<.r choice of preancsthctic and ancs 
thetic agents 

Regurgitation of gastric contents with their 
digestive enzymes and hydrochloric acid may 
result in necrosis of the pulmonary tissue 
secondary bacterial invasion and severe post 
operative pneumonitis and atelectasis !331 
\^en the operation is completed the lungs 
should be mdalcd with gradually decreasing 
oxygen concentration and finally with atmos 
phene air or atelectasis may develop before 
the patient is returned to his room since 95 
per cent oxygen will be rapidly absorbed from 
lung tissue that is not continuously aerated 
whereas the 80 per cent nitrogen content of 
atmospheric air will prevent such collapse 
[113] Nasal pharyngeal and tracheal suction 
should be continued until it is known that the 
ainvays are patent before the patient returns 
to his bed 


In the immediate and very important pos 
operative period every care should be exei 
cised Frequent suction of the nasopharyn 
and trachea is desirable Any tendency to hi 
povenlilation must be quickly mvestigater 
and when due to respiratory depression fror 
anesthesia or drugs respiratory stimulants ir 
eluding caffeine sodium benzoate or eve 
picrotoxm are indicated If due to accumt 
afion of mucus m the tracheobronchial fret 
^ aspirated by tube orbror 
choscopy If necessary when it is the result c 
f =°“'Pl'Cations it should b 
^ discussed elsewhere an 
should the hypoventilation result from ur 


Surgtrj 

patent airway Irachcoslomy should not be 
delayed if other measures arc unsucccsstu! 
rhe patient should be turned frequeotlv and 
encouraged to cough, and analgesics should be 
given as sparingly as possible 

PULMONARY INFEaiON 

Postoperative bronchitis and pneumomw 
almost routinely follow bronchial or bron 
chiolar obstruction whether it is due to re 
tamed secretions aspiration or other cause 
Major surgery is frequently complicated b\ 
pulmonary infection and it is perhaps wise to 
administer 300 000 units of procaine pcnicil 
lin twice daily together with I Gm of strepto- 
mycin daily postopvrativcly many times these 
drugs arc given 24 to 48 hours preoperativel) 
as well There is little doubt that such a pohev 
his reduced the incidence and minimized e 
seventy of lung infection and can ordinan 
he recommended following major surgery c 
arc aware that such a policy may affect altera 
lions m the normal bacterial flora of man w 
secondary infection particularly with slap y 
lococcus may develop during antibiotic 
ipy It IS also possible that if tuberculosis 
present, the administration of streptoms 
mny mxsk this disease . 

Acrosal inhalation of penicUlin has p 
only moderately effective in the 
tracheitis bronchitis 
The drug is given in doses of 100 000 2 

000 units of calcium penicillin every 
four hours in the manner as 

administration of bronchodilators 

ures described for the ° sLuld 

airway and the need f ir bronchodi 

not be neglected simply because the pa 

has been receiving antibiotics 

OTHER POSTOPERATIVE PULMONARV 
COMPLICATIONS 

Pneumothorax is a not too and 

plication following surgery o pbscura 

neck region or thorax and may 
cause of sudden respiratory disu 
sionally repeated aspiration ° jj,spref 

pleural space will suffice bu 
erable to place a tube in th P 
connected to underwater ra‘ ^ pneutnC" 
afford protection against tens« P 
thorax 
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Estimation of Op«rati>e Risk and Preoperath* Preparation of the Poor Risk Patient 


Pleural effusion almost routinclj occurs 
when the thorax is opened and may develop 
as a result of infection or heart failure Aspira 
tion of the fluid when respirator) distress or 
unexplained feser occurs is indicated Occa 
sionall) the use of diuretics particular!) when 
the effusion is due to congestive heart failure 
ma) speed the disappearance of such fluid and 
help prevent its recurrence All such fluid as 
pirated should be sent to the laboratory for 
studies of specific gravity cell count culture 
and cell types The empyema most fre 
quentiv seen poslopcrativcl) is the result of 
operative procedures in the thorax or follow 
mg pneumonitis Vigorous administration of 
antibiotics parcntcrally and inlrapleurall) 
often obviates the need for open drainage 
When the fluid is too thick to aspirate instil 
lation of streptokinase streptodornasc or 
tr)psm often liquefies the exudate so that it 
can be casil) aspirated b) needle (III) Fail 
urc to control infection or increasing resptra 
(Or) distress due to cmp)cma however de 
mands open drainage of the infected pleural 
cavil) The management of lung abscess and 
pulmonar) hemorrhage is outside the scope 
of this discussion 

LIVER DISEASE AND OPERATIVE RISK 
Liver disease increases operative risk and 
ihc greater the damacc to the liver the greater 
IS the operative risk Severe grades of impair 
menl arc rclaiivc contraindications to major 
surgical procedures and active hcpaiitis is an 
almost absolute contraindication 
Uecausc jaundice sccondar) to obstruciion 
of the bdiat) tract is suscvpliblc to correction 
bv operative methods differentiation of the 
(wo becomes imperative At times such dif 
fcrcniiation is not possible particularlv if the 
jaundice is due to a combination of paren 
chvma! and obstructive causes It is not our 
purpose to discuss the dilTerenttal diacnosis 
of jaundice but rather to describe Ihc method 
of preparing patients with liscr disease for 
opctatioTi and to discus\ the posloperatise 

nanacement 

Parmchvmal di ease ol the User can be 
rou hlv esiimaled bv the avniUblc liver func 
tu»n icsts In general major operalivc procc 
dares are ci»ntraind:caird when one or more 
of iSe following iv p esent a eephslin floccsi 


lation lest of 3 plus or more bromsulphthalcm 
retention of 35 per cent or more a serum al 
bumm level of 2^ Gm or less and a pro- 
thrombin time which remains elevated despite 
the administration of parenteral vitamin K. 
(58] Excretion of hippunc acid of 1 5 Gm or 
less or excretion of more than 5 Gm of galac 
tose IS a contraindication to major operative 
procedures Marked elevations of scrum glu 
tamic or p)Tuvic oxalacctic transaminase indi 
cate the presence of active hver cell damage 
and are therefore a contraindication to major 
surgery 

If other liver function tests arc relatively 
normal an elevated alkaline phosphatase sug 
gests that the jaundice is obstructive if such 
elevation is not due to osseous disturbances 
(87] WTien there is no urobilinogen cither in 
the urine or stool the jaundice is usuallv ob 
structive (114) 

PREOPERATIVE CARE OF PATIENTS WITH 

LIVER DISEASE 

The patient with liver dvsfunction is ade 
quatcly prepared for surgery when after treat 
menl the serum albumin has risen above 3 
Gm per cent the prothrombin time is near 
normal the bromsulphthalein retention is be 
low 20 per cent ccphalin flocculation is 2 plus 
Or lower and when anemia and blood volume 
dcficicnaes have been corrected Two to three 
weeks of treatment arc often required to pro 
ducc significant improvement which cm often 
be accomplished b) the feeding of a diet high 
m protein and carhoh)dralc and moderate in 
fat unless liver coma is imminent 

The diet should contain from 120 to 140 
Gm of protein 350 to 400 Gm of cirbo- 
h)draic and 100 to 175 Gm of fat The fat 
content of the diet mav appear relativcl) hich 
but diets conlaininc less fat arc unappclizinc 
WTicn biliar) obstruction is present diarrhea 
maj result from the feedme of fats and in 
such instances this tv pc of food should be rc 
stneted or pancrcitic cxinct (\iokasc) be 
given \ttamirv supplements should include 
XOOOO units of Mismin A prcfcrablv in an 
aqueous solution and ^ 000 to 10 000 units of 
Vitamin D \itamm B can be administered in 
the form -f brewer s veast 30 to ^0 Gm per 
Ua^' or vitamin B complev ci>nlaining at least 
0 ms * ’hiaminc KKims of nicotinic acid 
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demands constant vjgihncc and prompt nction 
Mechanical factors such ns mucous plugs 
larjngospasm limited respirator) movements 
due to splinting of the thoracic cage from pam 
and injudicious bandaging of the chest inter 
fere with ventilation and may adversely affect 
carbon dioxide and oxygen exchange with 
resultant dyspnea orthopnea and cyanosis 
Abnormal respiratory gas exchange may re 
suit from (1) profusion of nonfunctionmg 
aheoh by normal capillaries (2) profusion of 
normal alveoli with inadequately oxygenated 
blood (3) normal blood passing through dis* 
cased capillaries, (4) poor gaseous diffusion 
icross the alvcolocapillary membrane or (5) 
inadequate oxygenation of the aheoh 

Pulmonary function can be impaired by 
improper choice of preancsthctic and nncs 
thctic agents 

Regurgitation of gastric contents with their 
digestive enzymes and h\dfOchloric acid may 
result m necrosis of the pulmonary tissue 
secondary bacterial invasion and severe post 
operative pneumonitis and atelectasis I33J 
When the operation is completed the lungs 
should be inflated with gradually decreasing 
oxygen concentration and finally with atmos 
phene air or atelectasis may develop before 
the patient is returned to his room since 95 
per cent oxygen will be rapidly absorbed from 
lung tissue that is not continuously aerated 
whereas the 80 per cent nitrogen content of 
atmospheric air will prevent such collapse 
[113] Nasal pharyngeal and tracheal suction 
should be continued until it is known that the 
airways are patent before the patient returns 
to his bed 


In the immediate and very important post 
operative period every care should be exei 
ciscd Frequent suction of the nasopharyn: 
and trachea is desirable Any tendency to hr 
poventilahon must be quicUy mvesticaled 
and when due to respiratory depression fron 
aiieslhesia or drugs respiratory stimulants in 
eluding caffeine sodium benzoate or evei 

f 1 „ ' <'=‘=l'=obronchial tree 

the latter should be aspirated by tube or bron 
choscopy If necessary when it ,s the result o 
rt should b. 

IhouwX f “ ‘!‘Sdussed elsewhere am 
should the hypoventilation result from im 


patent airway, tracheostomy should not be 
delayed if other measures are unsuccessful 
The patient should be turned frequently and 
encouraged to cough and analgesics should be 
given ns sparingly as possible 

PULMONARY INFECTION 

Postoperative bronchitis and pneumonitis 
almost routinely follow bronchial or bron 
chiohr obstruction whether it is due to le 
tamed secretions aspiration or other cause 
hfajor surgery is frequently complicated b) 
pulmonary infection and it is perhaps wise to 
administer 300 000 units of procaine pemcil 
lin twice daily together with I Gm of strepto- 
mycin daily postopcrativtly many times these 
drugs arc given 24 to 48 hours preoperatively 
as well There is little doubt that such a policy 
has reduced the incidence and minimized ihe 
seventy of lung infection and can ordinarily 
be recommended following major surgery 
arc aware that such a policy may affect altera 
lions in the normal bacterial flora of man an 
secondary infection particularly with stap J 

lococcus may develop during antibiotic ther 

apy It IS also possible that if tubercuosis » 
present the administration of streptomycin 
may mask this disease . 

Acrosal inhalation of penicilliQ has p 
only moderately effective m the treatmen 
tracheitis bronchitis and bronchopneum 
The drug is given in doses of 100 00 - 

000 units of calcium penicillin every 
four hours in the manner d«scnb^ 

administration of bronchodilators 
urcs described for the -tiamtenance o 
uirway and the need f )r bronchodila 
not be neglected si nply because 
has been receiving antibiotics 

OTHER POSTOPERATIVE PULMONARY 
COMPLICATIONS 

Pneumotltorav is a not too j ,nd 

plication following surgery o obscure 

neck region or thorax and may 
cause of sudden respiratory * jj,e 

sionally repeated aspiration ° jjjpref 

pleural space will suffice but us > jp^ce 
enable to place a tube in the p 
connected to underwater ® pneuiuO' 

afford protection against ten r 

thorax 
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Pleural effusion almost routinely occurs 
when the thorax is opened and may develop 
as a result of infection or heart failure Aspira 
tion of the fluid when respiratory distress or 
unexplained fever occurs is indicated Occa 
sionally the use of diuretics particularly when 
the effusion is due to congestive heart failure 
may speed the disappearance of such fluid and 
help prevent its recurrence All such fluid as 
pirated should be sent to the laboratory for 
studies of specific gravity cell count culture 
and cell types The empyema most fre 
quently seen postoperatively is the result of 
operative procedures in the thorax or follow 
mg pneumonitis Vigorous administration of 
antibiotics parenterally and intrapleurally 
often obviates the need for open drainage 
When the fluid is too thick to aspirate instil 
lation of streptokinase streptodornase or 
trypsin often liquefies the exudate so that it 
can be easily aspirated by needle [111] Fail 
ure to control infection or increasing respira 
tory distress due to empyema however de 
mands open drainage of the infected pleural 
cavity llie management of lung abscess and 
pulmonary hemorrhage is outside the scope 
of this discussion 

LIVER DISEASE AND OPERATIVE RISK 

Liver disease increases operative risk and 
the greater the damage to the liver the greater 
IS the Operative risk Severe grades of impair 
ment arc relative contraindications to major 
surgical procedures and active hepatitis ts an 
Mmost absolute contraindication 

Because jaundice secondary to obstruction 
of the biliary tract is susceptible to correction 
bj operative methods differentiation of the 
two becomes imperative At times such dif 
fercntiation is not possible particularly if the 
jaundice is due to a combination of paren 
chymal and obstructive causes It is not our 
purpose to discuss the differential diagnosis 
of jaundice but rather to describe the method 
of preparing patients with liver disease for 
operation and to discuss the postoperative 
management 

Parenchymal disease of the liver can be 
roughly estimated by the asailablc liver func 
tion tests In general major operative procc 
tlurcs arc contraindicated when one or more 
of the following is present a ccphalm floccu 


lation test of 3 plus or more bromsulphthalem 
retention of 35 per cent or more a serum al 
bumm level of 2 5 Gm or less and a pro 
thrombin time which remains elevated despite 
the administration of parenteral vitamin K 
[58] Excretion of hippuric acid of 1 5 Gm or 
less or excretion of more than 5 Gm of galac 
tose IS a contraindication to major operative 
procedures Marked elevations of serum glu 
tamte or pyruvic oxalacetic transaminase mdi 
cate the presence of active liver cell damage 
and are therefore a contraindication to major 
surgery 

If other liver function tests are relatively 
normal an elevated alkaline phosphatase sug 
gests that the jaundice is obstructive if such 
elevation is not due to osseous disturbances 
[87] When there is no urobilinogen either in 
the urine or stool the jaundice is usually ob 
structive [114] 

PREOPERATIVE CARE OF PATIENTS WITH 
LIVER DISEASE 

The patient with liver dysfunction is ade 
qualely prepared for surgery when after treat 
ment the serum albumin has risen above 3 
Gm per cent the prothrombin time is near 
normal the bromsulphthalem retention is be 
low 20 per cent cephalm flocculation is 2 plus 
or lower and when anemia and blood volume 
deficiencies have been corrected Two to three 
weeks of treatment are often required to pro 
ducc significant improvement which can often 
be accomplished by the feeding of a diet high 
in protein and carbohydrate and moderate m 
fat unless liver coma is imminent 

The diet should contain from 120 to 140 
Gm of protein 350 to 400 Gm of carbo 
hydrate and 100 to 175 Gm of fat The fat 
content of the diet may appear relatively high 
but diets containing less fat arc unappetizing 
When biliary obstruction is present diarrhea 
may result from the feeding of fits and in 
such instances this type of food should be re 
stneted or pancrcitic extract (Viokase) be 
given Vitamin supplements should include 
50000 units of vitamin A preferably in in 
aqueous solution and 5 000 to 10 000 units of 
vitamin D Vitamin B can be administered in 
the form of brewers yeast 30 to 50 Gm per 
day or vitimin B complex containing at least 
20 mg of thnminc 100 mg of nicotinic acid 
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5 mg of riboflavin 25 mg of B 12, nnil dou 
blc ihc daily requirements of the other sub 
stances m the B complex with vitamin C in 
doses of 500 mg per day, should be given 
Vitamin k should be given by mouth in doses 
of 5 to 10 mg a da) ashen jaundice is not 
present and parcntcrall) m similar doses uhen 
jaundice is moderate or severe 

The presence of liver disease often causes 
severe anorexia Intravenous liver extract m 
doses of 20 to 40 cc daily may improve the 
appetite The patient who cannot manage 
adequate oral food intake must be given 
parenteral supplements Glucose solutions arc 
given preferably after meals in amounts of 
200 to 300 Gm daily Ammo acids in amounts 
ol ‘'0 to 100 Gm may be given intravenously 
but are not always well tolerated The diet 
should be relatively low in sodium chloride 
[72] When the scrum albumin is less than 3 
Gm It may be necessary to give salt poor 
human albumin intravenously prcopcralivcly 
in doses of 25 to 50 Gm , but (he expense m 
volvcd IS usually so great that such therapy 
cannot be continued long enough (10 to 14 
days) to achieve the desired result Hypo 
proteinemia cannot be corrected m the pres 
ence of a deUcienc) of red blood cell mass 
Whole blood transfusions are therefore given 
until the hemoglobin hematocrit and blood 
volume have risen to normal 

Complete bed rest is an essential part in the 
management of any patient with severe liver 
disease and every effort should be made to 
secure strict rest throughout the period of pre 
operative preparation The use of lipolytic 
agents such as cholmc or methionine has 
been advocated in the patient with liver dis 
ease There seems to be general agreement 
that these supplements should be given to pa 
tients who have evidence of fatty inGIlralion 
of the liver but it is not certain that they are 
helpful otherwise [42] When these substances 
are given they are administered in dosages of 
2 Gm three times daily Adequate supplies of 
glucose or its precursors (300 Gm a day) are 
necessary not only to insure adequate glycogen 
storage but also to spare or conserve protein 
depots ^ 

Patients with liver dysfunction tolerate 
opiates and certain barbiturates poorly Chlo 
ral hydrate or paraldehyde together with 


meperidine (Demerol) m relatively smaD 
doses IS preferred [98] During the operative 
procedure, anoxemia ind shock must be pre 
vented because even if mild in degree or short 
ift duration the) arc apt to produce irreversi 
blc liver failure Blood must be available m 
adequate quantities with facilities for rapid 
administration under pressure if neceisai) 
The blood should be fresh and careful!) cross 
matched to isoid transfusion reaction Jauo 
dice appearing within one to three days post 
operatively usually reflects hemolysis of such 
a degree that the liver cannot excrete the in 
creased bile pigments Hepatic dysfunction » 
inherent m the briefest and the least traumatic 
type of major surgery It appears to be mue 
pendent of the type of anesthesia [54] 
cause of the susceptibility of the Inerto 
emia oxygen should be administered 
out the operative period and dunng 
24 to 72 hours postopvratively [45] 

POSTOPERATIVE MANAGEMEh^ OF 
PATIEhlTS WITH LIVER DISEASE 
Feedings should be begun as soon 
sible and patients unable to = ^ j„Bt 
protein orally to the postoperaliv P . „ 
be given 5 ti 10 per cent protem b « 
to supply 100 Gm of ammo , 
svilh 200 to 300 Gm of S'f ^Oin 
until sueh time as oral intabe “ . , -nu 

Ufproletn and 300 Gm “f carbeb) > 
importanee of .mmedtale be 

of the patient with li'or 'jjof'** 

overemphasized Stanalion fo P 
,0 72 hours may to.uale l„er) 

pensation (of the P ^oosly or 

[54] Vitamin supplements (m a 
intramuscularly) are given 
supply at least 10 mg ™ lOO 
of vitamin C 100 mg B 1’ ^ 

of niacinamide 50 mg nf DVrid‘’''°® 

mg of riboflavin and 10 mg P' („ in 
Choline and methionine fj„y dc- 

dosages of 3 to 6 Gm prc««:, 

generation of the liver is nnamusculad) - 
Lver extract may be given m'r ” B or 
to 3 tunes weekly m doses o , ,, 

may be given rog'm« A' 

restored to the preoperative S pU 

and medication as soon as “ „escte»«" 

fond and fluids by mouth Smeo 
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IS impaired b) the presence of hver disease no 
more than 0 5 to 1 0 Gm of salt should be 
gistn m some instances 174^ 

Although the use of a high protein and high 
carboh)dntc diet in liver disease is desirable 
in most patients the protein must be restricted 
when severe liver disfunction is present since 
the diseased liver is unable to handle the in 
creased ammonia (NH<) resulting from the 
breakdown of the protein When blood am 
monia levels rise above 3-4 meg coma usoallj 
ensues By the same token ammonium 
chloride should not be given to patients with 
significant hver dysfunction Treatment of 
liver coma associated with elevated blood am 
monia levels includes strict limitation of 
protein intake the use of cathartics and colonic 
irrigation to prevent intestinal absorption of 
ammonia and the giving of Ncomvcin 3 Om 
daily or Sulfasuxidinc S-lO Gm daily to 
prevent the formation of ammonia by the in 
tcstmal bacteria Sodium glutamate intrsvcn 
ously m doses of 20 to as much as 120 Om 
duly has been found useful bv some invcstiga 
tors m the treatment of liver coma 

TREATMENT OF PATIENTS WITH 
DIABETES 

PREOPERATIVE TREATMENT 
The presence of well controlled diabetes 
should not per sc increase the operative risk 
(28 8f>] Joslin (71] reports that the operative 
mortality has fallen from 1! 5 per cent be 
tween \923 and 1926 to 2 2 per cent from 
1942 to 1946 The increased risk for pilicnts 
With diabetes mcllitiis hrgciv depends upon 
the awociatcd deccncralivc clnnccs secondirv 
to gencrali/ed artenoscUrovls Such chances 
occur m vounc dnbclic patients heme 
proptntional to the scveritv and duration of 
the dnbcics pj In i scries of 249 ptlicnfs 
With UiaKtcs of 15 to 20 vcirs duration wilh 
an avcfa”*. ace of onset at twelve sicnificinl 
compticaiions were (1) irtcriovelcrosi' in 
ItK of Cases (70 per vcnt) l2) rCiiml 
bcmorihape in 51 sf 79 t jscs per cent) 
(') hvpcftcnsun in 49 of tZ'' eases (40 per 
cent I and (4) atbuminvttti n 46 of I SK cases 
t" per cent) The in iJcnec sf fata! disease 

the cofonars aticncs in dnbcti-s js twKc 
ibai n tie nindabeti malv p« pulat s-i md 


triple that m the nondiabctic female popula 
tion [26] 

Ideally any patient with diabetes should go 
to the operating room well hydrated free of 
acidosis and with hts liver well stocked with 
glycogen 

Prcoperativcly the patient with diabetes is 
placed on a diet containing 150 to 200 Gm of 
carbohydrate 100 to 120 Gm of protein and 
50 to 100 Gm of fat If the patient is taking 
one of the long acting insulins it is discon 
tmued and regular insulin is substituted The 
urine IS tested before each meal and at bed 
time and regular insulin is given according to 
the degree of glvcosuna as follows 1 plus or 

2 plus (0 25 to 0 75 per cent) no insulin 

3 plus ( 1 to 2 per cent) 1 5 units 4 plus (more 
than 2 per cent) 20 units If more than 80 
units of insulin arc needed for 24 hours (this 
IS rarely observed) prcopcritivc observations 
will indicate the amounts of regular msulin 
that can be given m four doses each 24 hours 
with additional insulin according to the glyco 
suna observed 

If parenteral glucose is given 1 unit of reg 
ular insulin for each 2 to S Cm of glucose so 
administered is added to the infusion For 
further reassurance spot checks for urinary 
kcionc together with estimations of the blood 
chemical values arc indicitcd With a 4 plus 
glycosuria and the persistent presence of 
kctonuria 40 units of insulin may he given 
every two to four hours for as lone as the ab 
normalitv persists Occasionally m insulin 
iCMstam patients tremendous doses of insulin 
arc necessary Not infrcqucnll> detailed m 
formation relaiivc to cicctrolvic balance and 
blood volume must be av iilablc to insure cfTcc 
live control of severe diabetts 

Tlic presence of infection almost always in 
creases the insulin need of the diabetic bv 
lowering his glucose tolerance and mav make 
the manaccmenl of his dinbcUs a difficult 
problem 

IVrsistcm and propressisc kctonuria is per 
haps the most dependable sicn of incipient 
diabetic coma O casionilU kclonuna can he 
due to such other causes as starvation vomit 
mg or diaribca sn can \>c falsch pcwilivc 
owme to salicvlates but when asso.iatcd wjtJi 
on\ atn« rmatilv of the CO combininc power 
It d mnds the imniedntc adniinistratu n of 
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insulin and also needed fluid and clectrolylcs 
The patient with diabetes is usually more 
susceptible to abnormalities of potassium bal 
ance than the nondiabctic When a diabetic 
develops acidosis there is a loss of potassium 
from the cells into the scrum At this time the 
potassium level may be high Following the 
administration of insulin however, there is a 
rapid diuresis of potassium and dangerously 
low values arc likely to develop Administra 
tion of saline or insulin both cause potassium 
diuresis and for this reason great care should 
be given to adequate control of this electrolyte 
m the diabetic 


OPERATIVE AND POSTOPERATIVE 
TREATMENT OF THE DIABETIC 


Anesthesia and/or surgery may evoke a 
stress reaction which is similar to that seen 
following the administration of ACTH or cor 
tisone resulting m an increase in the insulin 
needs of the patient with diabetes 
During the surgical procedure, 5 per cent 
glucose and wster are given intravenously with 
or without added msulm In the postoperative 
period the unne should be checked every Iv'o 
hours until it is sugar and acetone free If 
acetone is present postoperativcly 25 units of 
regular insulin may be gi\en subcutaneously 
every one half to one hour until the unne is 
acetone free If no acetone is present but 
glucose is found in the urine regular insulin 
is given as follows 1 to 2 plus glycosuna 
none 3 plus 15 units 4 plus 20 units Once 
the unne is sugar free it need be tested only 
four times daily with regular insulin being 
administered as described Until the patient 
regains consciousness or until 24 hours after 
the surgical procedure intravenous glucose 
IS not given unless covered by msulm m a 
ratio of 1 unit for every 3 to 5 Gm of glucose 
so given If lactose is substituted for glucose 
no msulm need be added Lactose has proved 
useful in the control of ketonemia 


It should be remembered that hypoglvcem 
during surgery or m the recovery period 
just as dangerous as acidosis and if there 
any suspicion of an overdosage of insulin i 
time should be lost m giving 50 cc of 50 p 
cent glucose intravenously 

Increased msulm dosage in the postopei 
tive period is often necessary because of ass 
ciated postoperative infection intestinal o 


Surgerj 

struction, or other complications Under such 
circumstances the presence of acetonuna is 
perhaps i better guide than glycosuria 
As soon as the patient can take fluid and 
nourishment by mouth, he is given gradually 
increasing diet containing 100 to 200 Gm 
of carbohydrate 100 to 120 Gm of protein 
and 60 to 100 Gm of fat When the msulm 
requirement has become relatively constant, 
longer acting insulins such as protamine zme 
or mixture of regular and protamine or NPH 
insulin, may be started The dosage for the 
longer acting insulin is usually 75 to 85 per 
cent of the amount of regular insulin needed 
and js convcnicntlv given before breakfast 
In the postoperative period the patient with 
dnbetes IS subject to myocardial infarction 
and other vascular accidents particu'arl) 
those of the central nervous system and pen 
phcral vessels These cm be combated by pre 
venting shock and maintaining adequate bloo 
volume and fluid and clectfolyle balance 
Diabetics arc very susceptible to pressure 
necrosis of the skm and need expert 
care with frequent turning Infusions s o 
not be given m the legs The use of toum^uch 
is strictly contraindicated .i 

drugs may also precipitate 
infection may bo a serious problem an i 
diabetic necrotizing papillitis not 
develops with uncontrolled “*‘*°**^ *” f-riUv 
Antibiotics should be promptly an i 
given A diabetic demands exact 


his fluid and electrolyte balance 
losses through diarrhea vomiting 
lion fistulas and the like must e 
and quantitatively replaced 

RENAL DISEASE AND OPERATIVE RBI' 

PREOPERATIVE MANAGEMENT Of 
POOR RISK PATIENT 

The operative risk is i» 

disease in direct proportion t 
kidney function Significant ren jj gs 

be present when the cept for a 

sentially within normal limits f 
low specific gravity If ^j. ,f the 

unne shows gross f„„cli<i» 1«" 

urea nitrogen is elevated o 
are necessary to evaluate the jjjluiion 

of kidney damage Concentra lo of 

tests are a rough measure of ibe 
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the distal tubules of the kidney Table 10 3 
lists some of the renal function tests with the 
normal levels The starred specific measure 
ments can be easily done m most laboratories 
Prercnal deviation of fluid may result from 


pyelograms may uncover ph) sical obstructions 
to the unnary flow if these can be corrected 
and the associated infection controlled ade 
quate renal function can usually be established 
Renal dysfunction due to peripheral 


TABLE 10 3 — Normal Values of Renal Function Tests 


Test 

Normal \ allies 

Blood creatinine concentration* 

I to 2 mg per 100 ml 

Blood NPN concentration* 

27 8 to 39 4 mg per 100 ml 

Blood urea nitrogen concentration* 

8 9 to 15 2 mg per 100 ml 

Diodrast (or hippuran) clearance 
(renal blood flow) 

520 to 1560 ml of plasma cleared per minute 

Fishberg concentration* 

Specific gravity 1 022 

Fishberg dilution* 

1200 ml of unne specific gravity 1 002 voided m 
3 hours 

Fractional PSP excretion* 

28 to 51 per cent dye in first specimen 

Inulm (or mannitol) clearance 

120 to 130 ml of plasma cleared per minute 

PSP excretion* 

40 to 60 per cent of dye in first specimen 20 to 25 
per cent in second 

Serum inorganic phosphorus* 
concentration 

3 2 to 4 3 mg per 100 ml 

Tubular cxcrctorv mass index 
(Diodrast) 

36 10 72 mg of Diodrast iodine per minute 

Urea clearance 

Maximal 75 mi of blood cleared per minute 
( 100 per cent) 

Standard 54 ml of blood cleared per minute 
(100 per cent) 

Average normal function 80 to 120 per cent 


abnormal loss of vsatcr and electrolytes as a 
result of vomiting or diarrhea There may be 
considerable elevation of the blood urea 
nitrogen together with abnormal kidney func 
tion measurements (69] Restoration of dc 
ptcied fluid and elcctroljlcs and of blood 
volume often results m return to normal of 
kidnev function 

Major operations for cancer might be con 
iraindicjicd or assocnled with severe risk if 
fur cxnmple the unnarj concentration is 
persistcntl) 1 OlO or lower the blood urea 
mtrocen 50 mg per cent or more PSP eic 
crction 25 per cent or kss ihc tirca clearance 
10 per cent or levs the crcntminc clearance 
"*0 per cent or less snd the inulm cleannec 
below 50 per cent 

Cvsioscopv and intravenous or retrograde 


circidafory failure from such causes as shock, 
hemorrhage dehydration fluid and electrolyte 
imbalance or reduced blood volume is often 
reversible 

Renal dysfunction associated with conqes 
live heart failure is poorly understood but the 
renal blood flow is probably reduced more 
than the glomerular filtration rate (53] Res 
toration of renal function usually follows the 
rc'cslablishmcnl of compensation 

In Addison s disease it is important not 
onlv to correct the diminished blood volume 
but also to supply adequate amounts of 
cortisone 

/« renal disfunction due to kidney dnease 
It IS important to supply adequate fluids and 
clectrolvtcs to maintain the optimal level of 
kidney function The distal tubules of dis 
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eased kidneys often cannot conserve base by 
the formation of ammonia or bV the excretion 
of an acid urine In such instances sodium 
must be administered m increasing amounts 
for combination with phosphates suifates 
organic acids etc Unfortunately, excessive 
administration of saline may result in pulmo 
nary edema and too little in uremia and 
acidosis Frequent measures of electrolytes 
and Correction of discovered abnormalities 
are essential 

Sympathomimetic drugs morphine Dcm 
eiol and cholinergic drugs may ptecipilate 
urinary retention Mecholyl bromide and 
bethanecol chloride may help correct urinary 
retention due to reflex changes but they 
accentuate bronchospasm 

The presence of acute or active glomeru 
lonephritis represents a contraindication to 
major operations except of emergent nature 
since surgical procedures may precipitate 
acute renal failure heart failure or both (lie 
nephrotic syndrome (probably a form of sub 
acute or chrome glomerulonephritis) makes 
major surgical procedures hazardous Arteno 
losclexotic nephritis due to essential hyper 
tension (nephrosclerosis) unless associated 
with moderate or severe renal dysfunction 
increases the operative risk but slightly 

PREOPERATIVE PREPARATION OF THE 
POOR RISK PATIENT 

Ideally the urea nitrogen should not be 
elevated and the urinary output should be 
between 1 200 and 2 000 cc per 24 hours 
Electrolyte balance should be essentially 
normal Anemia should be corrected pre 
operatively If despite all measures directed 
at the restoration of relatively normal renal 
function the blood urea nitrogen remains 
elevated above 40 mg per cent and the other 
renal function tests show evidence of moder 
ately severe dysfunction major surgical proce 
dures are done with the expectation of marked 
increases m risk 

MANAGEMENT OF POOR RISK PATIENTS 
DURING OPERATION 

In the presence of renal dysfunction drugs 
ordinarily excreted by the kidnevs (barbitn 
rales) should be administered with great 
caution 


Surgery 

More important than the choice of anes 
thetic agent is the maintenance of blood 
pressure and blood volume throughout the 
surgical procedure Renal blood flow glo 
merular filtration and tubular function are 
profoundly altered by shock (1 12] The patient 
with renal disease often has an associated 
lowered cardiac reserve and injudicious m 
fusions and transfusions may precipitate 
cardiac failure If the anesthetic and surgical 
periods pass without any great change in the 
pulse blood pressure and blood volume the 
kidneys can be said to have been protected 
insofar as is possible 

POSTOPERATIVE MANAGEMENT OF 
PATIENTS 

The development of uremia with acidosis 
demands a careful balance between the fluid 
and electrolyte needs and the capacity of the 
cardiovascular bed to handle the volume so 
administered Large amounts of electrolyte 
solutions are often necessary to correct uremia 
and associated electrolyte abnormalities The 
development of rales peripheral edema or 
elevation of the venous pressure is warning 
of excessive administration of water and salt 
Normally salt loss vanes from 2 to 5 Gm 
per 24 hours and amounts in excess of this 
unless a deficiency is present may be harmful 
A low protein high carbohydrate diet is 
desirable the former decreasing the work of 
the kidney and the latter conserving protein 
stores 

The patient with uremia may have in ad 
dition to an elevation of the blood urea nitro 
gen an increase in the phosphate lesels de 
pression of calcium and elevation of the blood 
chloride with a low blood sodium and usually 
a high potassium Potassium intake should 
usually be cut to a minimum making special 
cflorts to avoid the forcing of large amounts 
of fruit juices Oliguna persisting for two to 
three days in a patient with chronic renal 
disease may result in irreversible uremia [78] 

Ideally the daily urine output should be 
maintained between 1 200 and 1 800 cc 
and ordinarily once the kidney begins to 
excrete urine of normal composition the 
associated uremia clears rapidly 

I ess common postoperative renal complica 
tions include glomerulonephritis cortical ab 
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scesses or rena\ infarction Mecrotiimg renal 
papillitis IS an occasional undetected cause 
of uremia and death which should be suspected 
in any diabetic with urinary obstruction who 
develops progressive uremia posloperatively 

MISCEILANEOUS PROBlEMS IN THE 
PREOPERATIVE AND POSTOPERATIVE 
CARE OF PATIENTS WITH CANCER 

HYPERTHYROIDISM 

Uncontrolled hyperthyroidism is a contrain 
dication to major operative procedures 
Medical management through the use of one 
of the antithyroid compounds is preferred 
Propylthiouracil m dosages of 150 to 300 mg 
three times daily will usually bring the in 
creased metabolism under control within fl 
period of three to six weeks Toxic leukopenia 
or agranulocytosis is at times a complication 
Iodine in the form of saturated solution of 
potassium iodide should always be given one 
to two weeks preopcratively in order to prevent 
excessive bleeding during thyroidectomy 
Tapazole (methimazole) is apparently 5 to 
10 times more potent milligram for milligram 
than prop)lthiouracil and usually brings 
patients with hyperthyroidism under control 
within two to three weeks The drug is given 
m dosages of 10 to 40 three to six times 
dail) 168) 

Unless these patients are brought into 
satisfactory metabolic balance with basal 
metabolic rates of less than plus 10 circula 
tory collapse thyroid storm or fatal accentua 
non of prt existing heart disease may develop 
during or after a surgical procedure Radio 
active iodine requires at least four to six weeks 
lo produce a euthyroid state 124) 

MYXEDEMA 

The patient with myxedema represents an 
equally poor opetaUve risk [46) The diagnosis 
of hypothyroidism m the elderlv is often dif 
tlcuU The finding of an increase m the Wood 
cholesterol often warns the clinician of the 
possibility Vascular collapse may be sudden 
and mysterious if the diagnosis is missed 
Three to four weeks of gtaduallv increasing 
dosages of thyroid extract will usually suffice 
to prepare such a patient for major operations 
Congestive heart failure due to myxedema is 


relatively unconamon and responds well to 
adequate treatment 

ADDISON S DISEASE SIMMOND'S 
DISEASE, AND PHEOCHROMOCYTOMA 

Patients with Addisons disease Simmonds 
disease and panhypopiluilansm represent no 
tonously hazardous risks but operative proce 
durcs can be successfully performed by proper 
medical management 

The patient with high blood pressure due 
lo pheochromocytoma is a poor operative risk 
and requires a meticulous medical regimen to 
conduct him safely through an operative proce 
dure 

THE treatment OF POSTOPERATIVE 
THROMBOPHLE6ITIS AND VENOUS 
THROMBOSIS 

Differentiation between thrombophlebitis 
and phlebothrombosis is often not possible 
hence they arc referred to as venous thrombo 
SIS [51 65) Prom 1 to 2 per cent of patients 
subjected to major operative procedures de 
velop this complication The incidence in 
patients with cancer may be somewhat higher 
Old age the presence of varicosities poly 
cyihemia congestive heart failure the placing 
of pillows beneath the knees leg infusions 
dressings constricting venous return prolonged 
immobilization Mgorous use of diuretics to 
gether with the known postoperative changes 
in clotting phenomena all contribute to post 
operative venous thrombosis 

Thrombosis usually becomes evident be 
tween the fifth and tenth postoperative days 
with 50 per cent developing on the sixth to 
tenth day 25 per cent from the tenth to the 
sixteenth day and 25 per cent after the six 
teenth day [119] 

Approximately 5 per cent of patients with 
untreated senous thrombosis have pulmonary 
emboh resulting in lung infarction untreated 
the mortality of pulmonary infarction is 15 
to 20 per cent [119] Tvinely five per cent of 
such pulmonary emboli arise from thrombosis 
of the deep veins of the legs [5] Anticoagulant 
therapy has significantly reduced both the 
incidence of pulmonary embolism and of m 
farction 

Hemorrhage from hepann or Dicumarol 
mav develop in 3 to 5 per cent of the patients 
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so treated and is an indication for v/ithhold 
mg anticoagulants [2] Serious bleeding occurs 
less frequently being observed in approxi 
mately 2 per cent of such instances ^en a 
hemorrhagic tendency becomes evident either 
by detection of microscopic hematuria or 
bleeding into the gums skm or elsewhere the 
drug IS immediately discontinued For the 
hemorrhages induced by Dicumarol, trans 
fusions of fresh plasma or whole blood and 
the daily intravenous administration of 75 
mg of Vitamin oxide until the prothrombin 
time approaches normal represent the proper 
treatment Transfusions of fresh plasma or 
whole blood should be given to control any 
hemorrhage due to heparm Antiheparm 
drugs such as protamine sulfate (1 5 mg of 
protamine neutralizes the effect of I mg of 
heparin) and toluidine blue (3 to 5 mg per kg 
body weight) , have been advocated for 
control of hemorrhage resulting from the ad 
ministration of heparm Such treatment is 
continued until the Lee White clotting time is 
30 minutes or less and the prothrombin time 
20 to 30 per cent of normal Then anticoagu 
lants may be continuously readministered if 
indicated 

Other supportive care includes the admini 
stntion of antibiotics and control of any as 
sociated infection or metabolic disorder 

When a contraindication to anticoagulant 
therapy is present ligation of the saphenous 
femoral or inferior vena cava is recom 
mended [1] 


Surgery 

Prophylactic anticoagulant therapy is not 
recommended except m patients who have 
been receiving anticoagulants preoperatively 
to prevent emboli recurrent myocardial m 
farction or cerebral thrombosis The reason 
for this stand depends upon the fact that the 
incidence of postoperative venous thrombosis 
IS 2 per cent or less whereas the hemorrhagic 
complication rate of anticoagulants is 5 per 
cent 132] 

The presence of pulmonary infarction de 
mands m addition to the prompt use of 
heparm and Dicumarol the employment of 
other agents in seriously ill patients ^lorphine 
(10 to 20 mg every four to six hours) and 
atropine (0 5 to 1 0 mg every six to eight 
hours) are given to minimize harmful reflex 
constriction of the coronary and pulmonary 
circulation papavanne (0 1 to 0 35 Gm every 
six hours) to promote arterial relaxation and 
oxygen to combat anoxemia If right heart 
failure occurs digitalis is given to the undigi 
talized patient m the form of 1 6 mg of 
lanatoside C (Cedilanid) intravenously Sur 
gical treatment of pumonary embolism is not 
recommended since the operative mortality 
far exceeds that associated with the measures 
just outlined 

Similar anticoagulant measures are mdicated 
when arterial embobzalion or thrombosis de 
velops unless surgical removal of the clot can 
be effected within three to four hours The use 
of anticoagulants is also indicated for myo 
cardial infarction 
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Electrosurgical Treatment of Neoplastic Diseases 

Grant E Ward 


Electrosurgery is the application of high 
frequency alternating electric currents for 
the destruction and removal of pathologic tis 
sue or for the hemostatic incision of norma! 
tissue in the surgical exposure of a focus of 
disease 

Electrosurgery occupies an important 
place in general surgery and the surgical 
specialties Adequate discussions of the in 
dications and technics of electrosurgical cur 
rents are most suitably given in the sections 
dealing with specific tumors This chapter 
will outline the fundamental principles of 
electrosurgery to prepare the reader better to 
use electrosurgery in whatever domain he is 
Vrorking Space does not permit discussion of 
the historic development of electrosurgery 

PHYSICAL PRINCIPLES 

Electrosurgical currents are alternating in 
character and of a high frequency of oscil 
lation (750 000 cycles or above) These cur 
rents are conducted between generator and 
patient by uniterminal or biterniinal con 
nections The uniterminal connection is 
made by one cable extending from the gen 
erator to the actne electrode the current 
returning through ground or air With bi 
terminal connections two cables are used one 
extending from the generator to the active 
electrode This large electrode makes a broad 
contact with a convenient spot on the body 
widely disseminating the current so that no 
sensation of heat or pain is experienced 
As a general working rule uniterminal cur 
rents cause desiccation or dehydration of the 
tissues because the tissue temperatures dc 
veloped are not sufficient!) high to do more 
than dry the cells Bitcrminal currents may 


raise the tissue temperatures to such high de 
grecs that the cells are actually boiled m their 
own juices resulting in coagulation Also 
bitcrminal currents when properly balanced 
to produce w'ell localized high temperatures 
sever the tissues allowing for rapid cutting 
with varying degree of destruction on each 
side of the incision However by varying 
voltage amperage and frequency of alter 
ations the effects of uniterminal and bi 
terminal currents can be interchanged — that 
IS strong uniterminal currents can coagulate 
and weak biterminal currents will desiccate 
Electrosurgical cutting is usually accom 
plished by biterminal connections 

GENERATORS 

Electrosurgical generators are of two mam 
types one using a spark gap for the source 
of oscillation the second employing one or 
more three electrode vacuum tubes The 
spark gap generators create a damped cur 
rent i e a current oscillating in wave chains 
of decreasing amplitude with a short pause 
after each chain By carefully reducing the 
width of the spark gap the wave chains are 
brought closer together and their amplitudes 
reduced The closer the wave chain and the 
lower the amplitude, the hotter is the current 
the more energy flows across the gap per unit 
of time and the better are its cutting qualities 
The higher the amplitude and the farther 
apart the wave chains the less energy flows 
per unit of time and therefore the cooler 
the current and the better the coagulation 
Also the time after each wave chain allows 
cooling down of the tissue and gives more 
time for coagulation 

Vacuum tube generators produce currents 
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of undimped oscillations i c , a constant 
even amplitude of waves during the period 
the tube is oscillating These currents as a 
rule, produce better cutting than is obtainable 
by the spark gap generators On the other 
hand, vacuum tube currents of even oscilla 
lion allow more energy to flow at a given 
period of time and as a rule arc hotter than 
the spark gap currents In order to produce 
good coagulation with lube currents the 
electrodes must be placed against the tissue 
before the current is turned on One advantage 
of spark, gap currents over the vacuum lube 
currents is that v.hen the active electrode 
IS moved from place to place as in coagulating 
a surface there is less flashing and flaming 
with the damped current than with the un 
damped v'lcuum tube current Flashing 
sparks are npt to cause more carbonization 
or actual charring of the tissues and less good 
coagulation 

HISTOLOGIC CHANGES 
The old term fulgtiratiott should be dis 
carded Fulguration currents were of a very 
high voltage from spark gap generators with 
wide gaps There was much superficial shock 
ing with little penetration Newer electro 
surgical currents now replace fulguration 
I Desiccaiioti is dehydration of (he 
tissues Microscopically the cells are shriveled 



Fig 11 1 Photoinicrograph ihowing desKcation wth 
Oudm egrrent Turhor cells are dehydrated elorigoted 
ond shriveled with shrunken nuclei (Courtesy Journa/ 
of the American MeJ eal Asiociol on } 



f'S t1 2 Photomicrograph of incision made with 
cutting current from tube opporatus showing fne I ne 
destruction 10 u in thickneii or less Primary union is 
the rule here (From Kelly ond Ward [2] courtesy 
W B Sounders Company} 

and elongated without loss of structure 
(Figure 11*1) Elcctrodcsiccation is pro- 
duced by cooler (weaker) currents of the 
spark gap or vacuum tube variety 

2 Coogiilonon IS actual destruction by a 
hotter stronger current from a %acuum tube 
or spark gap generator that boils the tissue in 
Its own juices the cells being coagulated into 
a homogeneous mass losing all normal 
characteristics The parenchymal cells form 
granular masses while the stroma appears 
hyalmircd with here and there remnants of 
coagulated blood vessels and their contained 
blo^ 

3 Electrostirsical culling (eleclrolorny — • 
Blech) IS produced by a carefully balanced 
high frequency electric current generated for 
the purpose The cutting is caused by the cur 
rent and not by the type of electrodes By 
careful adjustment of the generating appa 
ratus currents can be made to cut with only 
a tenth of a millimeter of destruction on each 
side of the incision Such slight tissue changes 
allow primary union m a high percentage of 
incisions (Figure 112) It has been shown 
that these scars are weaker than the scars of 
ordinary scalpel surgery The real clinical 
value of such delicate electrosurgical cutting 
(fine electrotomy) is questionable 

4 Electrosurgical cutting with deeper 
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dfstnicnon (coagulating cleclrotomv) on 
each side of the incision (I to 2 mm ) is of 
saluc »n removing cancers from vascular 
regions Capillaries small blood vessels and 
hmphatics are sealed These currents arc pro* 



ffl 1!«3 eregroph of Ineii «n With tpork gap 

Q* oroter ihewiog do«p«r (ooggtolion d«<tru<f on (55 
lo 60 w ) Prtmorf un on Impottiblo ond not wonlod 
*h*f* iK I Intiion It nocottory Blood voitott 

of (0 idorobU tilt ond lymphot <t ero toelod ond 
•g" 0 f ((III o> 0 d «io«<o doiiroyod Th t hoo*y tviimg 
tvrro I It uivotty ut«d fot Mmo mg tiUototod ond tn 
fj^fd eontort (from Kolty ond Word (2) eoorfoiy 
W B Sow dtri Compo y) 

duced either b> blcndinc vacuum tube cutting 
currents With spark gap currents orbs strong 
currents of either vanctv Primary union is 
of course out of the question hut rcalK not 
desired for hevvj destructive currents arc 
for the removal of evtensive malign int nco- 
pla'ms in places where primarv closure is im 
psHvilJc (mouth face) or where thu sterile 
mav be covered as in the brim etc 
f> cavionallv the coaculaicd tissue left bv the 
^rrcnl mav be excised with a scalpel and 
^rr^uvifnatcd bv sutures Pnnnrv union mav 
’^bccvpcctcd ((leurcM ^) 

ELECTRODES 

1 lc-tri\lrt- desirnalcv the instninicnls at 
f erj o( the cable from the generator 
tnV ^ P'^hcnl and fill into 

active and inactive llic inactive 
^ t ‘Vi- IS p'aced a"3in*t the patients s\in 
* s- Sfrj picfenhlv beneath the 
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buttock or shoulder but not beneath a bonv 
prominence It is often convenient to strap 
the electrode to the ihtgh using some form 
of clastic bindacc or rubber tourniquet These 
inactive electrodes arc frequently made out 
of sheet lead or brass mesh and covered with 
green soap or other lubricant to insure even 
and constint approximation to the skin An) 
irregulantv might short-circuit the current 
causing a bum A dry towel is placed at the 
edge of the inactive electrode where the con 
ncction between the electrode and the cable 
IS sudicicntl) prominent to cause undue 
pressure against the skin — again a dvneer of 
burn Active electrodes ire of varying sires 
and shapes and concentrate the current at 
the point of operation Detailed descriptions 
of these will be givsn (Figure 11-4) 

NOMENCLATURE 

The words ratiten and cntueruation 
are rcilly incorrect Elccfrosurgical currents 
properly applied do not actuallv ciuterize 
Uofortunateiv these terms arc still used 
rather glibly to describe clcctrosutgical pro- 
cedures 

1 nectroiotm (Blech) describes electro 
surgical cutting and may be defined as fine 
or coagulating depending upon the mtcnsitv 
of the current and the depth of penetration 

2 I Uctrotlcsiecanon is dehydration to 
the point of cell death 

1 I hcirocootiiilanon is the coaculation of 
tissue bv a slronc hich frequenev current that 
actuallv boils the cells in their own juices 
Coaculation mav be superficial or deep 
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4 Eleciroiome is an electrosurgical active 
electrode for electrotomy or cutting It may 
be made in the shape of a blade wire loop 
or curet, or needle 

5 Desiccator and coasulaior can be ball 
disc or needle shaped 

6 Electrosurgical curet carries a high 
frequency electrical current to coagulate and 
control hemorrhage as the tumor is curetted 
away 

7 Electrosurgical snare is often used to sur 
round tumors An ordinary tonsil snare with 
insulated shank is satisfactory The current 
carrying electrotome or coagulator is touched 
to the snare handle the current controlling 
bleeding and destroying tissue as the pedicle 
of the tumor is cut through 

8 Electrosurgical rongeur carries the 
current to coagulate the organic tissue m bone 
as the bone is bitten away The wire cable is 
attached to a binding post located on the in 
side of the rongeur handle 

9 Active electrode condenses the high 
frequency current at the point of contact 
allowing for the electrosurgical effect 

10 Inactive electrode is the wide electrode 
placed at a suitable spot on the skin The cur 
rent is widely disseminated preventing pain 
or tissue destruction 

SURGICAL TECHNICS AND OPERATIONS 
Desiccotion 

Desiccation is usually accomplished by 
light uniterminal currents to destroy small 
skin lesions warts small epitheliomas and 
occasionally small hemangiomas (Figure 11 
5) With very superficial lesions (hyperkerato 
ses) a light spark is sprayed over the surface 
A wart requires a needle to be inserted re 
peatedly at the proper depth (through 
epidermis only) at first in the moist edge and 
later in the center until completely surrounded 
and dehydrated It is then scraped off and the 
base re treated A mole may be circumvallaied 
a technic described by the late William L 
Clark The desiccating needle is inserted re 
peatedly m the normal tissue at the edge of 
the mole and earned through all layers of the 
skin and into subcutaneous fat After thus 
blocking off lymph and blood drainage from 
the tumor the mole is excised Malignant 
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moles either should be excised with a strong 
electrosurgical cutting or excised with a wide 
margin with scalpel and sutured 

Coagulation 

Coagulation may be accomplished by 
needle ball or disc coagulator In the 
destruction of large tumors the circuravalla 



f»5 tl 5 of 0 befiign popillpma en 

Ih* dorivm ef th* lon9i.i» In order to Ocure deep 
doitruction the elettrodo ihovid be inierted below tbo 
lowor border of 1b» iDinot down voto tbo wuui»lor«» 
(from Word and Dwff Tumor* of Tongue Cy«/o 
pedia of Atedone Svtgtry and Speetoflt** eourte*/ 
F A Oavis Cempony) 

tion technic is employed whenever possible 
The needle coagulator is inserted repeatedly 
around the edge of the tumor in the normal 
tissue remaining in each place until a ring 
of coagulation of one to two millimeters in 
width IS obtained After the entire tumor is 
circumvallated its mam mass is then attacked 
by either the ball disc or needle coagulator 
The more superficial areas can be destroyed 
by a ball or a disc but the deeper ones are 
better coagulated with the needle coagulator 
penetrating the desired distance The de 
stroyed portions are curetted away and a 
deeper layer is attacked and so on until the 
entire tumor is removed Less accessible 
tumors located in the antrum bladder and 
onl cavity may not lend themselves to cir 
cumvallation and may have to be attacked 
directly by a suitable coagulator m repeated 
steps of coagulation and curettage 
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Electrosurgical Treatment of ^eoplastlc Diseases 
Electrosurgical Aspiration 
Many surgeons use an} suitable aspirator 
to keep the field dr} as uhen working in 
the brain antrum bladder or other cavities 
When active bleeding is encountered the tip 


coagulation appears around the tip of the 
hemostat, the instrument is removed and 
another picked up to be touched with the 
active electrode 

\Vhile applying the current the hemostat 



Fig 11-4 Clomp (oogulotioo method ef hemotlott Stood 
votioli or* cogghl in homoUali o« vtuol end when it it dct red 
to bring obout permonent hemettotit eo<h clomp it picked up 
leperotefy by the operator or on ottrtiont end lovched with the 
act ve elecir^e carrying o coogulol ng or itrong cvtting cwrreni 
Great cate muU be exetcited ihol all btood tt w ped «woy from 
the tip of the hemottol end thot Ihe hemottet doei not touch 
nearby tmue or initrvmenit thoroby thunting the current end 
couiing a burn or poor coegulet on from dmeminotion of the 
Current through o clomp (From Word ood Hendrick rvmon of 
Heod and Neck courfery Williomt ond Wilhint Cempony ) 


of the aspirator is pressed against the bleed 
mg point and the acli\c electrode applied 
to the aspirator Special aspirators have been 
made with a sterilized wire cable connected 
to the aspirator and the current is turned on 
as desired cither by a switch m thi. aspirator 
handle itself or b} a foot switch 

Hemostasis 

The hemostatic properts of electrosurgical 
currents is one of their chief values Dunng 
an) surgical procedure hcmostals arc applied 
as usual WTicn permanent hemostasis is dc 
sired the hemostats arc picked up one bj 
one and touched with the active electrode 
the coagulating current running down the 
hemostat to coagulate the vessel caught in its 
grip (Figure 11 6) WTicn a small area of 


must not touch another instrument or an) 
tissue except that held within its jaws as the 
current will be shunted awa) with resultant 
inefilcient hemostasis of the vessels or a burn 
of normal tissue touched nearby Also all 
blood clots around the tip of the clamp that 
Will disseminate the current must bt removed 
with a sponge to limit the amount of 
destruction and to shorten the period of appli 
cation of the current 

Hemostasis is also obtained through a ball 
or disc coagulator These coagulators should 
be applied to the bleeding point before turn 
mg on the current the pressure stopping the 
bleeding so the current when switched on 
wrill coaculatc the compressed vessel more 
quickl) If the vessel is not first occluded the 
(lowing Mood retards coagulation allows 
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charring and unnecessarj destruction, and in 
terferes with hemostasis 

Control of Oozing 

Gen€ra\ oozing from a vascular surface 
is often annoying and difTicult to control by 


mm ), or coagulating with deeper destruction 
on each edge of the incision (1 to 2 mm ) 
r me chdrotomy for skm incision 
allows primary union in a high percentage 
of cases (85 per cent) However the scars 
following fine cleciroiom) are weaker than 



fig 117 A Scalp«t •icixen cf tmoll b«n>g<i growth Tho blotk iilk luturet 
or« plocod dtopljr in lh« tenguo b«foro •xcition of the tvmor to control 
blooding ond focililate quick cloture 0 Tho tutvroi oro drown tightijr and 
tied securing hornostoiii C Etecfrosvrgicol excision of e small benign growth 
A small blade olocUodo is passed around tho lesion controlling the bleeding 
(front Ward ond Duff Tumors of Tongue in Cyc/opedio of Medicine Surgtr/ 
and 5pecia/hor teurftty F A Oovis Company ) 


the direct application of a ball or disc coagu 
lator The blood flow is so rapid that the 
coagulator is covered the blood is boiled 
and much charring results without accurate 
and complete hemostasis To iftiprove the 
technic the oozing surface is covered with 
a gauge sponge under pressure The sponge 
IS gradually moved across the oozing surface 
followed by a ball or disc electrode coagula 
ting to the desired depth leaving a dry 
sterilized wound The coagulator controls 
small exposed oozing surfaces as it follows 
the sponge across the wound whereas Ji is 
unable to cope well with large bleeding areas 

Electrotomy 

Electrotomy may be fine with slight tissue 
damage on each edge of the incision (0 I 


scars following scalpel mcisions This fact 
plus the minimum hemostasis sealing of 
capillaries and small blood vessels only 
renders the use of fine electrotomy of ques 
Uonable clinical value for skin incisions 
Occasionally fine electrotomy is helpful m 
dissecting between adherent loops of intes 
tines leaving the thin coating of coagulated 
tissue to delay the reformation of adhesions 
Also there is Jess bleeding when dissecting 
such adherent intestinal loops making for a 
cleaner operation Rapid movement of the 
electrotome reduces time for excessive tissue 
destruction m fine electrotomy (Figure II 7) 
Coagulating electrotomy is of inestimable 
value in removing tumors from vascular and 
wet fields as the mouth brain urmaty blad 
der etc and often m dissecting skm flaps 
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m neck and breast operations The strength 
of the current is regulated to produce any 
desired depth of coagulation from a fraction 
of one millimeter to two millimeters as de 
manded hy the \ascularity and type of tissue 
encountered Fascia of the neck with little 
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rent is necessary to cut well In vascular fields 
as the oral cavity a strong current is also re 
quircd to coagulate all but large {1 mm ) 
vessels while cutting (Figure II 8) Vessels 
larger than about 1 mm m diameter are 
clamped and coagulated Coagulating elec 
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Fig IIS Technie of limple h«iniglo«$«clomy A Dolled line repreienll lin» 
of inciiion Two stoy iutures of medigm black sik ere ploced one on each 
t de of the mdtine for trod on Other itoy tgturet ere d ttributed along 
each > de of the I ne of inciMon Thote on the tide of the tgmor lerve at 
tract on while removing the d seated t ttge ebmeiing hondl ng with forceps 
o cumberiome and ipoce-conigming maneuver in the mouth The ifoy sutures 
beyond the I ne of incision serve to control at ell times the remaining portion 
of the tongue of great atsislonee in stopping hemorrhoge 6 Inciiion with 
electrotome C Dotted line in floor of movlh represents extens on of the in 
eii on in cose the floor of the mouth is to be removed along with the primary 
tumor O Closure of wound w th block silk or f ne chromic catgut interrupted 
sutures This is net elwoys possible when the floor of the mouth is removed 
along with hemiglossectomy {from Ward ond Hendrick Tumors of Head 
ond Neck courtesy Will ams end Wilkins Company ) 


fat IS easily severed with a sseaker current 
than the fascia of the breast heavily laden 
with fat The fat melts under the heat of the 
current the fluid fat disseminating the cur 
rent and reducing cutting properties To off 
set this dissemination of energy a strong cur 


trotom)' leaves a relatively drj sterilized sur 
face as the incision is made Further coagula 
tion and sterilization are accomplished by 
going over the wound with a ball or disc coag 
ulator Slow deliberate movement of the elec 
trotome allows time for the desired tissue 
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destruction in coagulating electrotomy In per 
forming fine or coagulating electrotomy the 
clectrotome must not be pressed against the 
tissue as with a scalpel Pressure against the 
tissue obliterates the arc necessary for cutting 
A tiny arc between the electrotome and (issue 
must be maintained at all times for satisfactory 
results 

POSTOPERATIVE CARE 

The postoperative care of clectrosurgical 
wounds IS important For a minor electro- 
desiccated area the care is rather simple 
Desiccation or coagulation of small lesions 
on the surface leaves a dry sterile coating 
to be treated like any other small burn An 
acetone alcohol solution of gentian violet 2 
per cent (Bohlman) suffices to form a firm 
crust or scab that comes away in 2 to 4 weeks 
depending upon the depth of the destruction 
Should any infection develop beneath this 
scab the scab is removed and the area 
treated appropriately Usually however, these 
small lesions heal beneath the scab so that 
when It comes of? there is almost complete 
healing 

If the clectrosurgical procedures are ear- 
ned on deep tn the body and the wound is 
closed per primum healing is to be expected 
and the care of patient and wound is the 
same as following any other operative pro 
cedure Special attention is needed where 
wounds are of necessity allowed to granu 
late or where there is extensive destruction 
about the head and neck interfering with the 
intake of food and fluids and perhaps with 
normal respiration Every possible pre 
caution should be taken to keep infection 
of these sloughing and granulating regions 
at a minimum Antibiotics parenterally 
orally or locally arc of great advantage 

Good antiseptic dressings applied at the 
operating table are allowed to remain up to 
several days depending upon the circum 
stances If there is drainage from the oral 
cavity the dressings should be changed fre 
quently either daily or several times a day 

Large defects in the oral cavity are Kept 
clean by packing w-ilh iodoform gauze 
changed after appropriate intervals Copious 
oral douches of warm saline solution make 
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the patient more comfortable and bring away 
debris as it loosens 

HEALING OF ELECTROSURGtCAL 
WOUNDS 

Except when fine cutting currents have 
been used m the skin, rarely do surface 
clectrosurgical wounds heal per primum The 
superficial wounds of electrodesiccation of 
small skin lesions require from two to four 
weeks to heal beneath the created scab The 
scars are soft and pUable, p/nk at first later 
fading out and usually becoming only slightly 
noticeable The amount of deformity depends 
entirely upon the depth to which the tissues 
have been destroyed The superficial lesions 
limited entirely to the epidermis such as 
hyperkeratoses and warts, heal about like any 
other second degree bum Moles and epi 
thcliomas requiring destruction of all layers 
of the skin down through the dermis leave 
a slightly deeper pit or a little thicker scar, 
should there be a tendency to keloid for 
mation Keloids are rarely a problem 

In the larger clectrosurgical wounds, heal 
log is slower and by secondary intention 
Slough has to come away granulations de 
velop and the wound heals by scar These 
scars are very soft and pliable the disfigure 
ment being remarkably slight m comparison 
to the amount of tissue loss (Figure 119) 
This IS particularly true about the eye Tumors 
of variable size from small epitheliomas and 
papillomas on the lid borders up to larger 
ones 1 or 2 cm in diameter around the 
eye heal without ectropion or entropion per 
mittmg good function of the eyelids The re 
moval of malignant neoplasms from the 
region of the nose allows slow gradual pull 
ing together of the skin edges which often 
leaves defects assuming the normal wrinkles 
and lines of the face and are not very dis 
figuring 

Larger wounds about the mouth will re 
quire plastic repair (Figure 11 10) A reason 
able time six months to one year should 
elapse to insure against recurrence Unlike the 
scars following heavy irradiation electro 
surgical scars are vascular and soft so that 
plastic repair is much more easily accom 
plished The vascular soft tissues readily 
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Fig 119 Squomous cell cprcinoma persisting follow 
ing irrod at on A Squamous-cell carcinoma involving 
inner conlhus of right eye Treated with x ray 2 500 r 
elsewhere Excised with etectrosurgery care being token 
to remove ram feat ons of tumor into orb t faes de the 
eyeball B Photomicrogroph shows persistence of tumor 
Epitheliot cells partially destroyed by previous irrodi 



olen other cells Viable Round cell InFItration Epithelial 
pearl C Area of tumor that was destroyed by red ation 
therapy showing chron c inflammation scorring obliler 
oling endartent s D Good cosmet c and functional re 
suits with no recurrence ofter five years (From Ward 
and Kendrick Tumors of Head end Neck courtesy 
Wiliams and Wilkins Company) 


194 

receive skin grafts of one kind or another after 
the removal of the scar itself 

SUMMARY OF USES OF 
ELECTROSURGERY 

I CtectrodcsiccaUon 
A Benign lesions 



Fig 1110 tn<iiion with Aipitalor ke«pt 

wound dry— only o few large vestelt bleed ond ar« 
cenlrelled with o boll lipped cooguloier (From Word 
and Hendrick Tumofi of Head ond Neck covrfery 
Williomi and Wilkins Company) 

1 Hyperkeratosis (small area about 
1 cm m diameter), larger areas 
are best treated by irradiation 

2 Warts • 

3 Lupus vulgaris 

4 Papillomas and verrucae in mouth 
and on lips 

5 Leukoplakia buccalis (thickened 
areas require biopsy) Ball tipped 
electrode used Larger areas may 
be treated with radium or roentgen 
rays through an intraoral cone 

6 Condyloma about vulvae and anus 
Large masses may be excised with 
electrotome 

7 Destruction of cyst walls (ranula 
mucous cysts of mouth cysts of 
Bartnolm s gland etc } 

Melanomas must be surgically excised with a 
wide martin of tissue and when possible In con 
tlnuity with lymph drainage region Plastlt. repair 
Is often neee sary 
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8 Eyes pterygia small papillomas 
on lids xanthoma palpebrarum 
B ^^alIgnant neoplasms small basal cell 
epitheliomas especially about the eye 
lids and over cartilage of nose and 
cars 

// Clectrocoagttlaiion 
A Benign neoplasms 

1 Papilloma of bladder through cjs 
toscopc 

2 Rectal polyps through proctoscope 
B Malignant neoplasms 

1 Large basal cell epitheliomas espe 
cially about the eyes and over 
Iving the cartilage of nose and ears 
These tumors may also be treated 
by irradiation 

2 Small and large squamous cell car 
cinomas of skin especially after 
becoming resistant to radiation 
therapy 

3 Dcsiruciion of areas of inoperable 
cancer in antrum or adjacent struc 
tures occasionally in mouth and 
urinary bladder (at operation) 

4 Destruction m situ of certain is 
operable brain tumors 

/// Eleclrosiirgical hemostasis (clamp coag 
ulation method) 

A In almost any operati\e incision 
(breast neck abdominal wall etc) 
Do not coagulate near large vessels 
B Coagulation of blood vessels during 
brain operations 

IV Elecirotomy (electrosurgical cutting) 

A Coagulating electrotomy 

1 Biopsy of accessible ulcerating neo 
plasms (oral cavity skm cervix 
bladder etc ) using loop or bladi. 
electrotome 

2 Excision of benign tumors (fi 
broma hyperplasia of gmgiva 
etc ) of mouth 

3 Excision of malignant tumors of 
mouth including upper and lower 
jaw resections (bone severed with 
usual bone instruments with or 
without neck dissection) 

4 Loop electrotome often used for 
removal of extensive cancer of 
antrum bladder etc preparatory 
to application of radium 
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5 Nasal poljps (snare technic) 

6 Nephrotomy for stone Resection 
of kidney 

B Fine clectrotomj has no special ad 
vantage over scalpel for skin incisions 
and may delay healing It is useful for 
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severing adherent loops of intestine 
and tumors and cysts adherent to m 
testine Using a loop electrode large 
and otherwise inoperable brain tumors 
may be excavated 
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Special Considerations of Vascular Surgery 
Pertaining to the Treatment of Malignant 
Neoplasms 
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SCOPE OF VASCULAR SURGERY 
IN CANCER 

The special aspects of the surgery of blood 
vessels as they relate to the treatment of 
malignant neoplasms have to do with three 
major subjects the control of massive hem 
morrhage the avoidance of serious accidents 
during operation and the special technics 
of operative surgery on blood vessels 

Secondary ligations of major arteries are 
seldom required A thorough knowledge of 
the vascular anatomy of the body is essential 
to safe radical extirpative surgery Enthusi 
asm for extirpation may result in difficulties 
that are more serious m their consequence 
than IS the cancer itself Uncontrolled hemor 
rhage may cause death at the operating table 
Severe ischemia of a vital organ or ischemic 
death of an extremity can be avoided by the 
knowledge of the functional significance of 
major arteries and veins Equally important 
is a good understanding of the physiolo^ 
of circulation 

The comparatively recent demonstration 
that segments of large vessels notably the 
aorta may be replaced satisfactorily by 
homologous vessel grafts suggests a wider 
application of this technic m extending the 
resectability of malignant neoplasms by pro 
viding for vascular reconstructions The Imii 
tations that the vascular system imposes on an 
operation for the adequate excision of cancer 
is sometimes the deciding factor against cure 


On the other hand a deficient circulation to 
vital organs or to needed body structures can 
not be the end result of a good operation 
It may be that the use of graft replacements 
and vascular shunts can be more widely 
applied in overcoming some of these limita 
tions 

Much of this chapter is devoted to the 
anatomy of collateral circulation insofar as 
It affects blood supply after the ligation or 
excision of arteries and veins that are com 
monly involved m the extension of malignant 
tumors Some data on the use of vascular 
grafts are presented 

CAUSES OF HEMORRHAGE IN PATIENTS 
WITH CANCER 

Hemorrhage is to be expected in all large 
ulcerated advanced neoplasms especially m 
vascular regions when the wall of a medium 
sized artery is invaded by tumor Veins tend 
to become occluded by thrombosis from the 
surrounding inflammatory reaction more 
readily than do arteries and are less often 
the source of alarming bleeding Infection 
associated with malignant tumors is in 
large measure responsible for ulceration tissue 
destruction and vessel erosion This is par 
ticularly true for oropharyngeal growths 
With good local cleanliness hygiene and the 
present day specific antibiotic therapy this 
complicating feature of infected cancer can 
be minimized Hemorrhage also occurs as 
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the result of railialion necrosis of tumor tissue 
and is to be cspcciallj looked for when tre»t 
tng lesions of the tongue and floor of the 
mouth by irradiation Insidious but none the 
less serious bleeding may stcadil) take place 
from ulcerated growths occurring m the gas 
tromteslmal or gemtourmnr) tract The usual 
cause of hemorrhage after operation is the 
loosening of a thrombus from a medium 
sized vessel that was not adequately tied or 
upon relaxation of the spasm m a scsscl that 
has retracted into the tissues A ligature may 
slip off It also may be brushed off by the 
surgeon during the course of the operation 
Needless to say, inadcquaic hemostasis dur 
mg operation may be the cause of post 
operative hemorrhage Bleeding may be on 
the basts of altered body physiology 

THE TEMPORARY OR EMERGENCY 
CONTROL OF HEMORRHAGE 

A number of simple procedures can reduce 
efTectivcly the amount of blood loss if they arc 
properly applied before supporiise therapy or 
definitive surgical measures are idministcrcd 

Blood vessels have natural hemostatic 
mechanisms Segmental arterial vasospasm 
occurring in fl transected artery was recog 
nized many years ago by John Hunter as of 
the greatest importance m arresting otherwrise 
fatal hemorrhage The divided vessel is con 
stricted and the cut ends retract by the con 
traction of its smooth muscle fibers Inversion 
of Its outer layers then provides a mechanical 
barrier sufTicicnt to impede the rapid arterial 
flow- and thus allow an occluding clot to form 
Within a few minutes Even in a large artery 
rapid exsanguination is often prevented by 
this natural mechanism The protective 
spasm however cannot be relied upon as a 
permanent measure because relaxation fol 
lows within a period of 24 hours A tangential 
perforation or an erosion of one wall of an 
artery presents a more dangerous source of 
bleeding 

The initial maneuver m the emergency 
control of hemorrhage should provide a 
temporary check of rapid blood loss This can 
be accomplished often by pressure applied 
directly over the bleeding site If the vessel 
IS exposed pressure of the lingers atone over 


the bleeding vessel can stem a furious 
hemorrhage A gauze sponge or pack applied 
with firm steady pressure over the bleeding 
site IS ordinarily more effective since vist 
bility is often poor at the site of hemorrhage 
ft exposure IS inadequate for the proper appli 
cation of pressure the wound may be quickly 
enlarged by an extensive incision If bleeding 
IS inaccessible as is the case at the base of 
the tongue 1 simple maneuver such as 
grasping and pulling the tongue forward may 
bring the point of hemorrhage within sight 

The tourniquet has little usefulness m con 
trolling hemorrhage and should be limited in 
Its application to the more peripheral parts 
of the extremities where bleeding from a 
malignant tumor is of relatively minor 
importance 

Control of the main arterial channel 
supplying a region of uncontrolled bleeding 
can be more rapidly applied m more diverse 
regions of the body by digital pressure than 
by tourniquet Almost all major arteries can 
be saiisfacionly occluded by digiial com 
pression against the underlying skeletal sys 
tern or other resistive structures In the case 
of the common carotid artery occlusion is 
accomplished by compressing it between the 
transverse process of the sixth cervical verte 
bra or Chassaignac s tubercle which lies at 
the level of the cricoid cartilage just anterior 
to the sternocleidomastoid muscle With the 
thumb pressing behind over the cervical 
spine the fingers arc placed lincarlv along 
the line of the artery and one finger will 
strike the correct area where firm pressure 
can be exerted The inferior thyroid and ver 
lebral arteries can also be compressed in this 
same general manner Certain tributaries of 
the carotid artery may be individually con 
trolled The temporal arterv is easily com 
pressed against the zygoma just m front of 
the tragus of the ear The occipital artery 
can be shut off bv digital pressure applied 
3 cm lateral to the posterior occipital pro 
tuberance against the superior nuchal fine 
along which the trapezius muscle inserts The 
external maxillary artery is easily compressed 
just m front of the masseter muscle Where 
this vessel curves up to cross the mandible 
Smaller arterial divisions in the neck and lip 
are easily controlled by compressing the 
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buccal tissues grasped between the fingers 
It IS not always possible satisfactorily to com 
press the subclavian artery digitally It is most 
superficial and exposed in its third part as it 
arches over the first rib Considerable press 
ure IS necessary and is exerted by the thumb 
in an inward downward direction in that 
angle formed posteriorly by the clavicle and 
the sternocleidomastoid muscle More distally 
the brachial artery is easily compressed 
against the inner aspect of the humerus 
where the artery lies deep beneath the pos 
tenor margin of the belly of the biceps 
muscle Successful temporary control of the 
abdominal aorta in the thin individual may 
be possible by direct pressure applied through 
the abdominal wall In the obese or muscular 
individual such compression will not be 
effective and time need not be wasted in 
attempting it Pressure against the abdominal 
aorta should be directed somewhat above and 
to the left of the umbilicus so that the aorta 
IS forced against the body of the third lum 
bar vertebra just above its bifurcation Al 
though the iliac vessels are not accessible to 
direct compression the common femoral 
artery can be pressed against the superior 
ramus of the pubis This is done most easily 
by standing on the side of the patients bleed 
mg area and exerting perpendicular pressure 
With the finger tips against the pubis 

Once vigorous hemorrhage is stopped by 
local measures more definitive procedures can 
be done in a deliberate fashion After allow 
mg sufficient time for clotting pressure dress 
mgs may be carefully removed m the oper 
atmg room and bleeding vessels exposed 
After using a hemostatic forceps to grasp the 
bleeding vessels they can be accurately li 
gated If bleeding vessels are not easily ac 
cessible m the wound or if the local tissue is 
friable because of the presence of necrotic 
tumor or gross infection the mam artery 
supplying the region must be ligated 

Major bleeding m the postoperative patient 
demands exploration of the wound In most 
instances the patient should be taken to the 
operating room and prepared as m an elective 
operation Transfusions of blood should be 
given concomitantly with preparation Except 
m the most dire necessity operation should 
not be done on the ward under conditions of 
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poor lighting and inadequate preparation 
The older practice of evacuating large post 
operative hematomas on the ward leads only 
Ic infection, and docs not allow inspection for 
serious bleeding In the case of extensive 
wounds about the head and neck m which 
a large imount of blood has collected, open 
ing and draining of the wound on the ward 
may be necessary and lifesaving in order to 
avoid respiratory obstruction Tracheotomy 
may need to be done at the same time These 
arc exceptional cases and the general rule 
of taking care and time for transportation to 
the operating room docs not apply in respira 
lory emergencies 

All supportive therapy available should be 
used concurrently with efforts to check the 
bleeding 

THE MANAGEMENT OF HEMORRHAGE 
AT OPERATION 

In the course of extensive dissections about 
major vessels alarming massive hemorrhage 
may lead to disaster by injudicious mstru 
mentation A common mistake often made 
when sudden or troublesome hemorrhage 
occurs IS to neglect the urgent necessity for 
improving the surgical exposure It should 
also be kept m mind that the proximal coo 
trol of major vessels is a sound principle 
when working in many regions Another basic 
principle to be remembered is that hand or 
finger compression rather than attempted 
clamping by instruments should always be the 
first choice in arresting serious massive bleed 
ing Direct compression or proximal com 
pression of arteries against a bony or resistant 
structure will often lessen bleeding so that 
the field may be dried sufficiently to apply a 
hemostat or ligature accurately When the 
latter is applied blindly in a pool of blood 
injury of important or even vital structures 
may produce great damage For example 
when the abdomen or thorax is opened the 
aorta can be readily compressed against the 
vertebral bodies The iliac arteries are acces 
sible to compression against the bony pelvic 
bnm Hemorrhage from the hepatic artery 
and other branches of the celiac axis can be 
checked bj compression of these vessels be 
tween the fingers inserted through the fora 
men of Winslow In other regions the neck 
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the groin or the axillae any of the large 
vessels alreadj exposed can be easily com 
pressed Dry surgical gauze accurately 
applied directly to a rent in a major vessel 
and held for 5 to 10 minutes by the clock 
may also stop bleeding This will allow time 
for rapid blood replacement and permit de 
liberate exposure for definitive treatment of the 
vessel either by ligation or suture 

The use of the suture ligature is one of the 
most effective and timesaving methods of 
hemostasis In soft friable vascular tissue 
that tears upon applying a hemostat a mat 
tress suture that includes a good bit of tissue 
IS at times indispensable The mattress suture 
IS particularly valuable in resections of 
parenchymatous organs The mattress suture 
may be placed through and through and sup 
ported at either surface of the structure to be 
closed by intervening omentum subcutaneous 
fat fascia or other tissue Such tissue when 
included in the suture prevents the suture 
from cutting through a friable organ This 
type of suture placed in an interlocking 
fashion allows the resection of a large seg 
ment of the hver or kidney for example 
with adequate control of bleeding 
The application of a hot (160 F) saline 
gauze pack to a briskly oozing raw surface 
IS another effective method of hemostasis 
It must be left in place from 3 to 5 minutes 
or longer until clotting has occurred Heat 
accelerates coagulation so that bleeding 
rapidly subsides While the application of cold 
to bleeding areas may slow the rate of ooze 
by Its vasoconstrictive effect the lowered 
temperature delajs the coagulation process 
and IS therefore less effeeme Muscle has 
been used for many years as a hemostatic 
agent particularly in neurosurgery Sutured 
m place as a tampon muscle liberates 
thromboplastin and hastens the natural 
coagulation process It has the disadvantage 
of becoming nccrotic and is followed by some 
degree of fibrosis Its use has been largely 
replaced by absorbable hemostatic agents 
Increased venous pressure owing to tht 
obstruction of large veins draining the oper 
alive region is often a source of annoyini; 
bleeding at operation Ligation of veins 
therefore should be delajed m most eases 
until arterial inflow is controlled Of course 


early venous ligation may be desirable to pre 
vent embolic tumor dissemination m some 
instances 

In recent years there have been developed 
several hemostatic absorbable sponge ma 
tenals that may safely be left m the body 
cavities The three materials most widely used 
are oxidized cellulose which is prepared 
through the oxidation of cotton by nitrogen 
dioxide the gelatin sponge which is made 
with a water insoluble gelatin base, and 
fibrin foam obtained from human plasma 
Fraction I When moderate quantities are 
used absorption is complete for each of these 
hemostatic agents within approximately six 
weeks These materials are useful for con 
trolling moderate bleeding m situations in 
which hemostasis by ligature or sutures is 
difficult or technically impractical They can 
not be expected to stop bleeding from large 
or medium sized arteries but will control a 
brisk ooze from a small artery and will stop 
venous or capillary bleeding They base been 
successfully used for patching tears m veins 
Fixation of the material with sutures is some 
times necessary A solution of thrombin is 
sometimes used m conjunction with hemo 
static sponges particularly with fibrin 
foam 

Ekctrocoasulation is useful m securing 
hemostasis m regions where ligature is awk 
ward or where there is abundant circulation 
with diffuse bleeding The oral cavil) is such 
a location The actual red hot cautery pro 
duces a more superficial coagulation by heat 
and is less satisfactory as an instrument of 
hemostasis 

Styptics such as the silver nitrate stick and 
chromic acid bead arc of limited but some 
limes effective value in controlling oozing from 
skm lesions For large oozing surfaces the 
absorbable sponge preparations will serve the 
purpose better 

Adrenalin when added to procaine m con 
centrations of about I/IOOOOO for local 
anesthesia does much to eliminate the 
troublesome bleeding from the very vascular 
regions For local hemostasis 1 per cent pro- 
caine with adrenalin can sometimes be in 
jeettd through a long fine needle info the 
vicinity of an actively bleeding vessel cither 
at operation or when bleeding occurs in the 
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postoperative wound The locally increased 
tissue pressure from the bulk of fluid injected 
along with the vasoconstnctivc action of the 
adrenalin decreases bleeding and may make 
\i possible to locate and grasp a bleeding 
vessel with a hemostat 

Ligation of Arteries and Veins 

I igation of a major arterv is sometimes 
done as a preliminar) meisure hcforc ex 
tensive dissection, in an emergency situation 
m the case of sudden hemorrhage or more 
commonly as a step in a planned procedure 
If done prophylactically, it may enable a more 
radical and adequate resection of tumor tissue 
or permit the performance of a procedure 
not possible without such control Viability 
of the part supplied by the vessel should be 
preserved in most instances for ligation of 
some major arteries mav cause death or 
ischemic gangrene of important tissue At 
times the blood supply remaining after major 
artery ligation may be sufTicient to maintain 
viability but inadequate to support normal 
function under conditions of stress The m 
terruption of certain major peripheral ar 
teries, particularly in the extremities fre 
quently produces distressing functional tm 
pairment manifested by muscular weakness 
easy fatigability, susceptibility to cold 
atrophy, intermittent claudication and tro 
phic changes with ulceration 

Collateral Circulation 

Collateral circulation is developed m chan 
nels that are not newly formed vessels but 
represent primarily small vessels that have 
undergone hypertrophy and enlargement in 
taking on a larger function The vascular 
pattern of collateral circulation is therefore 
already established before occlusion Certain 
regions have a better supply of collateral 
vessels and sustain arterial interruption more 
easily than others where the mam artery can 
be considered critical The stimulus for 
collateral vascular development is apparently 
a mechanical one governed by the dynamics 
of blood flow 

In almost all instances the volume of ar 
terial collateral blood flow falls short of 
normal flow through the main vessel Even 
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though the cross sectional area of the com 
bined collateral channels carrying blood 
distally beyond an occlusion is equivalent to 
or greater than that of the original large 
vessel the quantity of blood that artenal 
collateral delivers is always less than that 
which a main artery supplied The quantity 
of flow through a vessel is proportional to the 
square of the area of cross section of the 
vessel That is to say, the total quantity of 
blood flowing during the same time through 
four small vessels of equal size will be only 
one fourth of that flowing m a single large 
vessel having the same cross sectional area 
as the four smaller ones 

The length of small collateral channels is 
also of importance m that the resistance to 
flow within a vessel is proportional to its 
length In those instances in which collateral 
channels arc short and return blood to mam 
vessels just distal to the occlusion a pulsatile 
flow having a good pressure may be obtained 
whereas a much diminished flow results if 
the blood IS delivered all the way to the cap 
iltary bed through small collateral vessels 
Pulsatile flow from the distal end of a di 
vided artery (HenleCoenen sign) is found 
when there exist large collateral channels 
This finding may be interpreted to indicate 
an adequate collateral circulation Long col 
lateral pathways on the other hand result 
in a dissipation of the force of the pulse 
These are important considerations in the 
resections and Ivgation of major vessels 
whenever good distal flow is needed As many 
as possible of the potential collateral vessels 
in the immediate region must be preserved 
for the best results 

An important factor that may greatly m 
fluence the adequacy of collateral circulation 
IS the pathologic state of the collateral chan 
nels and of the tissue to be supplied m any 
given individual The incidence of arteno* 
sclerosis obliterans is highest in the age groups 
m which malignant tumors are most frequent 

Radiation therapy produces an obliterative 
endartentis with a resulting diminution of the 
blood supply to tissues that have been in 
tensively irradiated In some cases massive 
gangrene of an entire irradiated region has 
followed arterial ligation This hazard must 
be kept in mind although it should not be 
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implied that previous irradiation always pre 
eludes arterial ligation 

The time consumed m the process of oc 
eluding an arter> is frequently crucial m de 
termining whether or not a satisfactory 
circulatory adjustment will be attained Dur 
ing a slow occlusion as from a thrombus 
the collateral circulation will have the oppor 
tunity to develop over a period of days or 
weeks and development of an adequate col 
lateral flow will have occurred by the time 
the artery is completely closed off An cx 
ample m point of this sort of occlusion »s 
found in the insidious thrombosis at the 
bifurcation of the aorta where a gradual oc 
elusion seldom produces gangrene but where 
sudden occlusion often does This principle 
of ihe gradual occlusion of arteries as a pre 
limmary step to their ligation and complete 
interruption has been known and used for a 
long time m clinical surgery Special clamps 
have been devised gradually to constrict major 
vessels Periarterial constriction by external 
irritants such as reactive cellophane rubber 
band elastic pressure and progressive suture 
closure of vessels are other technics used to 
attain the same end Some of these are de 
scribed m the section on technics 
The general status of the circulatory sys 
tern and of the blood itself is another factor 
upon which effective collateral blood supply 
depends A good cardiac output with normal 
blood pressure is always desirable A state 
of shock or circulatory collapse will further 
deprive tissue lacking an adequate flow of 
blood through vasospasm of the small arteries 
and arterioles as well as from the hypotensive 
retardation of flow Severe anemia reduces 
the oxygen carrying capacity of the blood 
and wheneser circulation is msufflcient it 
adds to the seventy of the ischemia 

Peripheral vasodilation produced reflexly 
by external heating is the easiest and often 
most effective technic for improving the flow 
of blood m the smaller vessels Heat should 
not be applied to the ischemic part but rather 
to unaffected parts of the body The blocking 
of the sympathetic ganglia of the extremities 
With procaine may provide temporary vaso 
dilatation and improvement m an ischemic 
member threatened with gangrene More 
permanent effect is obtained by surgical 


excision of the ganglia on the side involved 
General peripheral vasodilatation may be 
produced by numerous sympathetic blocking 
drugs These drugs have the disadvantage of 
producing a general fall in systemic blood 
pressure along with the widespread vasodila 
tation This fall in blood pressure can by 
itself produce an undesirable reduction m the 
volume of flow of blood peripherally to an 
ischcmic part Generalized vasodilatation by 
drug therapy is therefore of questionable 
value in the treatment of local ischemia and 
may be harmful 

Any ischemic part should be kept at rest 
m order to reduce its metabolic requirements 
For the same reason local warming which 
also raises the metabolic rate of the tissues 
should be strictly avoided Id the case of 
extremities the affected part should be level 
with the recumbent body or slightlv lower 

Controversy exists over the question of 
the value of ligating the concomitant vein 
whenever an artery is accidentally or deliber 
aiely inlcrrupied The theoretical basis for 
ligation of the companion vein rests on the 
idea that more blood will be retained in the 
ischemic part and more oxygen extracted in 
a given time Makins postulated from his 
observations on arterial injuries during tht 
Boer War and World War I that vein ligation 
lowered the incidence of gangrene m arterial 
injuries Experimental support of the concept 
has been offered by Brooks ei al Some of 
these fundamental experiments have been 
repeated recently and not confirmed Other 
Studies using radioactive sodium clearance 
studies of muscle have shown no significant 
difference in the amount of blood in the 
tissue With and without concomitant vein 
ligation [16] Simeone et al present experi 
mental data which indicate that hgation of 
the concomitant vein may be harmful Van 
ous clinical reports and advices continue to 
be contradictory The collected figures re 
ported from senes of arterial injuries in 
World War II also show that this procedure 
does not in anv way increase the chances 
of survival of an ischemic extremity [19] 
The evidence of the value of Jigatjon of a 
large vein companion to an interrupted ar 
teiy IS not well enough established to recom 
mend it as an elective procedure Moreover 
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there js good evidence that it is harmful in 
ccclacn cises and may produce abnormal 
edema and congestion 
The surgeon must accept the fact that 
four important and basic considerations m 
fluence the adequacy of colhteral blood 
supply when a major artery is interrupted at 
operation (I) The established anatomic 
vascular pattern of the region or organ in 
volvcd IS the first and unalterable factor (2) 
The pathologic state of the individuals vas 
cular system will determine the functional 
efiiciency of his collateral vessels (3) The 
time during which occlusion has occurred 
1 e , whether the interruption has been acute 
or gradual, may determine the end result 
(4) Last of all, the status of cardiac or 
general cjrdrovascu/ar function and the 
quality of the circulating blood play some 
part in the picture 

Interruption of CritKol Arteries 
Satisfactory data are available to allow of 
reasonable prediction of the results of arterial 
ligations or interruptions for all arteries of 
the body and may serve as a guide for making 
surgical decisions War data are more valuable 
than (hose obtained from civilian surgical 
cases since m the latter group arterial liga 
tion IS often performed for conditions in 
which an adequate collateral circulation has 
already developed Viz, arteriovenous fistula 
It IS the consequences of acute interruption 
of critical arteries m the virgin field that the 
surgeon must accept for making his plans 
m extirpative surgery 

TTie indicated risk of serious ischemia 
following the ligation of major arteries as 
shown m Figure 12 1 presents estimations 
based upon collected statistical data reduced 
to approximate values They refer to acute 
interruption of the arteries in adults that 
result in functional insufficiency of the cir 
culation with ischemia Loss of some part of 
an extremity or death of tissues necessary for 
life IS the criterion on which these situations 
are based These figures do not refer to ar 
terial interruptions m children or m indi 
viduals with predetermined adequate col 
lateral circulation 

Since arterial injuries are not controlled 
a coexisting destruction of collateral channels 
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IS commonly sustained which, coupled with 
shock and circulating collapse contributes 
to the high incidence of ischemia shown for 
each artery On the other hand the presence 
of degenerative viscular changes m patients 
undergoing cancer opurations may be equiv 
alcnt (0 factors associated with injury For 
practical purposes the figures for acute m 
temiption by injury are the best to accept 
when deliberate sacrifice of one of these 
major vessels is at issue 

Permanent occlusion by Jigalion of a major 
vessel for the emergency control of hemor 
rhage is required infrequently Whenever a 
choice can be made between arteries supplv 
ing n bleeding region the vessel which will 
control bleeding and do least harm is the 
first choice for ligation Sometimes there is 
little choice It is better however to stem 
bleeding by ligation of an artery selected to 
lessen and control local hemorrhage to some 
extent than to produce irretrievable damage 
by the ligation of a verv critical artery The 
presence of infection and the extent of the 
neoplasm arc some of (he limiting factors in 
many cases Jn Table J2 1 the ves<ejs safest 
to ligate for the control of bleeding m regions 
commonly involved bv malignant neoplasms 
are listed Those designated as first choice 
ligations are sifer selections tn that perma 
nent ischemi'i does not follow their interrup- 
tion Second choice ligations carry a higher 
morbidity and often result m serious ische 
mia Chances must be taken in some cases 
since second choice ligation may be unavoid 
able when the first choice fails to control 
hemorrhage There are other factors also 
that allow of no choice such as the location 
or extension of the tumor 

During the course of operative resection 
for cancer it is sometimes desirable to di 
mmish the active circulation for the region 
by temporarily occluding a major artery [82J 
Prohibitive blood loss can be eliminated and 
the operative field kept relatively free of 
annoying bleeding In Table 12 2 are listed 
some of the permanent and temporary ar 
tenal ligations often employed in resections 
of malignant tumors for their value m aiding 
the technical performance and m lessening 
the blood loss during operation 

Whenever temporary occlusion is practiced 
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of the neck That it dots not receive adequate 
collateral circulation from the c'ttcrnal carotid 
has been shown b) Sweet and Bennett In the 
case of ligation of one common or intcrml 
carotid artcr) the cerebral flow can be main 
tamed b) the carotid of the other side plus the 
basilar artery Blood from the contralateral 
carotid artery can traverse either or both of 
the anterior or posterior communicating chan 
ncls Anatomic variation m the size or actual 
absence of either the anterior and posterior 
communicating arteries of the circle of Willis 
introduces one of the unpredictable elements 
in the results of carotid arterial ligation 
Sweet Sarnoff and Bakaj have studied the 
efficiency of collateral circulation in the brain 
bj direct manomctric studies of the pressure 
m the carotid arteries distal to occlusion In 
certain individuals a comparatively small fall 
in pressure in the internal carotid arterj was 
found to follow temporary occlusion of the 
common carotid of the same side In others 
pressure falls were great In one case bilateral 
common carotid occlusion did not result m a 
prohibitive reduction in internal carotid artery 
occlusion A fall m pressure to 30 per cent of 
the original level is considered by these in 
vestigators to be an indication that carotid 
artery ligation is unsafe It may be that direct 
pressure studies of the carotid artery after 
temporary occlusion during operations on the 
neck for cancer may allow of a safe decision 
for or against excision of a segment of this 
artery 

Fortunately the need for common carotid 
ligation occurs infrequently Hemorrhage 
about the head neck and face is better con 
trolled by external carotid ligation However 
m those cases m which access to the external 
carotid is impossible because of the presence 
of a tumor or infection in the region the 
common carotid must be ligated lower m the 
neck In certain cases with involvement of the 
common carotid by either metastatic tumor or 
an extensive malignant carotid bodj tumor 
hgation and excision of the common carotid 
artery may be indicated Pemberton and 
Livermore believe that anticoagulant thcrapj 
offers hope of reducing the mortality follow 
ing ligation of the carotid vessels 
Anatomy The course of the common 
carotid artery is indicated by a line drawn 


from the stcrnoclavicuhr articulation to a 
point midway between the angle of the jaw 
and the mastoid process On the right side the 
artery originates as a branch of the innomi 
nate artery where it divides behind the upper 
border of the right sternoclavicular articula 
lion On the left the common carotid arises 
from the arch of the aorta just below the junc 
tion of the cartilage of the first rib and the 
sternum The arteries in their oblique course 
up the neck lie on either side of the esophagus 
and trachea under cover of the inner border 
of the sternocleidomastoid muscle The arler) 
IS contained m a sheath derived from the deep 
cervical fascia which also encloses the interna! 
jugular vein as it lies lateral to the artery The 
\agus nerve hes posteriorly between the artery 
and vein The descending hypoglossal nerve 
lies on the carotid sheath anterior to the ar 
ter) Frequent abnormalities of sire length 
and number of branches arc found m the 
individual anatomy of the carotid artery The 
level of bifurcation is variable It may occur 
as high as the hyoid bone and as low as the 
cncoid cartilage Its normal location is at 
the upper border of the thyroid cartilage and 
in about one half the cases the bifurcation is 
at this point 

Surgical Approach Section or excision of 
the artery is safer than ligation m continuity 
because of tl c lessened danger of cerebral 
embolism 178] Ligation of the common ca 
rotid may be done cither above the level of 
the omohyoid muscle or below it The omo 
hyoid muscle cro scs the artery at the level of 
the cncoid cartilage It is preferable to ligate 
the common carotid artery above the muscle 
where it lies more superficial and is more 
accessible where covered wiib fewer struc 
turcs When local conditions m the neck pre 
elude a satisfactory operative field above liga 
tion is done just below the omohyoid muscle 
The patient should be placed on his back with 
his shoulders elevated and the neck extended 
The face should be turned sUghtly to the op 
positc side 

In approaching the common carotid artery 
in the superior carotid triangle a 6 cm inci 
sion IS made in line with the vessel along the 
anterior border of the sternocleidomastoid 
muscle The incision should be centered at the 
level of the cncoid cartilage Transverse mci 
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sions produce better cosmetic results s\hcn 
they can be used [37] The skin supcrficnl 
fascia phtysma muscle and superficial layer 
of the deep fascia arc divided in that order 
The sternocleidomastoid muscle is retracted 
laterally and the omohyoid muscle downward 
The medial wall of the sheath is opened to 
expose the artery 

If the artery is to be ligated below the omo 
h)oid an incision 6 to 7 cm in length is 
made along the anterior border of the sterno 
cleidomastoid muscle from the level of the 
cricoid cartilage almost down to the sternal 
notch The superficial structures including the 
skin superficial fascia and platysma muscle 
are likewise divided in that order The stcr 
nocleidomastoid is exposed and drawn out 
ward and the sternohyoid and sternothyroid 
muscles covering the thyroid are drawn in 
ward The internal jugular vein is retracted 
laterally after incision of the carotid sheath 
Care must be exercised in order to avoid in 
jury to the vagus nerve which lies lateral and 
posterior to the artery 
In the operation of ligation of the common 
carotid artery preliminary gradual occlusion 
may be undertaken to lessen the likelihood of 
cerebral difficulties In 1901 Crile described 
a spring clamp that could be applied to the 
artery and slowly tightened to bring about a 
gradual occlusion Selverstone has d(,vised an 
ingenious clamp that may be placed on the 
common carotid artery and gradually tight 
ened over the course of days Gradual occlu 
Sion is useful in the treatment of intracranial 
aneurism but probably has little place in sur 
gery of the neck for cancer Whenever liga 
tion of the common carotid is contemplated 
during the excision of a neoplasm of the neck 
temporary occlusion of the artery for 30 nun 
utes should precede its sacrifice Local anes 
thesia should be employed at this time in order 
to make adequate observations of the cerebral 
effects 

THE INTERNAL CAROTID ARTERY 
The indications for ligation of the internal 
carotid artery alone in operations for mahg 
nant neoplasms are rare It may be injured 
m a dissection of the region hence its in 
elusion in this nook Since there is no signtfi 
cant collateral flow retrograde from the 
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external carotid artery the ligation of the in 
Icmil carotid artery produces an cfTect essen 
tiilly the same as ligation of the common 
carotid artery [91] 

Surgteat Approach The surgical approach 
to the lowest segment of the internal carotid 
artery is the same as for exposure of the 
common cnrolid artery m the upper triangle 
of the neck At the bifurcation of the common 
carotid artery the common facial vein is 
divided as it enters the internal jugular vein 
The internal carotid artery branches somewhat 
anterior and lateral to the external carotid 
nrlcry If a larger exposure is necessary it 
can be attained by freeing the parotid gland 
and retracting it upward taking care to pre 
serve the facial nerve The posterior bell) of 
the digastric muscle and the stylohoid muscles 
may be divided and the mandible may be 
divided after the maxillary angle is exposed 
by incision of the massclcr muscle This ex 
poses the uppc" segment of the mandibular 
ligament which may be divided and the styloid 
process removed m order to allow the internal 
carotid to be visualized as it enters the base 
of the skull (For further discussion of meth 
ods of lessening the hazards of carotid artery 
resection see Volume III Chapter 42) 

THE EXTERNAL CAROTID ARTERY 

Ligation of the external carotid artery is 
most Valuable m control of hemorrhage from 
malignant tumors about the face tongue 
jaw nose nasopharynx and mouth Ligation 
of this artery is often used as a preliminary 
procedure or as an initial step in operations 
involving extensive resections of the mandib e 
longue or maxilla Its ligation is not accom 
panted by the hazards of common or internal 
carotid artery ligation since it does not con 
tribute significantly to cerebral circulation 
Only in rare cases that have been intensively 
irradiated or in which important collaterals 
have been divided at operation may massive 
gangrene follow external carotid artery hg® 
tion Ordinarily unilateral ligation will he 
sufficient for the control of hemorrhage but 
the opposite external carotid artery may be 
safely ligated also if it seems necessary The 
harmlessness of external carotid artery hg^ 
tion IS an attribute of the rich collateral 
arterial channels that feed it 
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Anatomy The external carotid artery has 
a slightly curved course upward from its 
origin at the site of bifurcation of the com 
mon carotid (Figure 12 2) In its first part 
the superior thjroid branch leaves it medial 
ward and hooks downward Two to 3 cm 
above the superior thyroid artery the hngual 
artery branches from it in the same direction 
which serves to identify the carotid artery m 
this location Anterior to the external carotid 
artery at the level of the lingual artery the 
hypoglossal nerve traverses it At a slightly 
superior level it is crossed by the stylohyoid 
muscle and the posterior belly of the digastric 
muscle The artery then passes backward 
behind the neck of the mandible into the 
substance of the parotid gland where it ter 
minates as it divides into the superficial temp 
oral and internal maxillary arteries 

Surgical Approach The site of election for 
ligation of the external carotid artery is below 
the digastric muscle between the superior 
thyroid and lingual arteries The patient is 
positioned as he is for ligation of the common 
carotid artery The skin incision is made 
along the anterior margin of the sternocleido 
mastoid muscle just below the mandibular 
angle and extends downward for about 6 cm 
The platysma muscle and the superficial ccr 
vical fascia along the edge of the sternocleido 
mastoid muscle are divided The common 
facial vein is divided where it crosses the 
bifurcation of the carotid The sternocleido 
mastoid muscle is retracted laterally exposing 
the carotid sheath which is m turn mciscd 
The descending branch of the hypoglossal 
nerve is drawn medially and the mternal 
jugular vein laterally The external carotid 
artery may then be identified dissected free 
divided and ligated The abundant collateral 
circulation may be further diminished by 
ligation of the superior thyroid lingual and 
other accessible branches The surgical ap 
proach to the external carotid artery is shown 
m Figure 12 3 

LINGUAL ARTERY 

Ligation of the lingual branch of the ex 
ternal carotid artery is sometimes performed 
to decrease bleeding m the operation Of 
glossectomy and may be necessary for the 
control of hemorrhage m advanced cases of 


cancer of the tongue Adequate collateral 
blood flow for viability is obtained via the 
contralateral lingual artery and the pharyn 
geal branches of the external carotid to the 
base of the tongue Bilateral lingual artery 
ligation may cause gangrene of the tip of the 
tongue 

Anatomy fhe lingual artery usually is the 
third branch of the external carotid artery 
and arises near the greater cornu of the hyoid 
bone As it leaves the external carotid it forms 
an upward loop rising above the cornu of the 
h\oid bone It then passes beneath the sty 
lohyoid and digastric muscles and runs along 
the upper border of the hvoid bone beneath 
the hyoglossus muscle before it ascends 
directly into the tongue 

Surgical Approach The lingual artery is 
exposed deep m the submaxillar) triangle 
(Figure 12 3) A transverse mcision through 
skm and platysma js made beginning just 
anterior to the tip of the mastoid process 
md IS earned down over the hvoid bone to 
the submental region The submaxillary sail 
vary gland usually protrudes through the mci 
Mon and is retracted upward A triangular area 
bounded infenorly and posteriorly by the 
digastric muscle and anteriorly by the my 
lohyoid muscle it exposed The floor is 
formed by the hyoglossus muscle The hypo 
glossal nerve and lingual artery run medial 
ward and diagonally upward across the hvo 
glossus muscle The lingual artery is exposed 
by pulling the hypoglossal nerve upward and 
by dividing the hyoglossus muscle fibers 
below it Upon separating these muscle fibers 
the lingual artery is exposed where it may 
be ligated and divided The artery may also 
be ligated at its point of ongm by an exposure 
similar to that for the external carotid artery 

SUBCLAVIAN AXILLARY AND 
BRACHIAL arteries 

An occasion for resection of the subclavian 
axillary or brachial artery is rare on account 
of Us involvement by metastatic or primary 
cancer Usually the cancer is widespread 
when these vessels are involved Hemorrhage 
in the arm from a neoplasm distal to the 
subclavian artery that required ligation would 
be unusual and might best be treated by 
amputation In the ituerscapulothoracic am 
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Fig 12 3 Surgical approaches to exfernol corotid ond linguol arteries A Incuions o A verlicol Incision is made 
along anterior border of sternocleidomastoid muscle and centered at level of hyOid bone for exposure of corolid 
bifurcation b Showing extension of incision a upward by dividing sternocleidomastoid muscle for further upward 
exposure e Transverse Incision |ust obove the hyoid bone moy be used for opprooch to lingual ortery d Showing 
a fronsverse Inc sion through skin and platysmus muscle Carotid bifurcation may be exposed offer sfernocle do 
mastoid muscle Is retracted This incision produces a minimal scar 
6 Approach for ligofion of the external carotid artery Sternocleidomastoid muscle and internol logulor vein ore 
retracted laterolly to expose carotid vessels offer d viding branches of the internal jugular vein 

C Approach for f gotion of the lingual artery The lower polo of the submaxillary solivory gland is retroeted u^ 
ward and fibers of the hyoglossus muscles ore seporated to expose the lingual artery which courses transversely 
deep to this muscle 
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putation the subclavian vessels are exposed 
and controlled early m the operation 

In the infant or child with a congenital 
cardiac defect transection of the subclavian 
artery has been shown to be followed by 
no serious impairment of the circulation to 
the arm [7] In the older individual m whom 
collateral vessels are damaged or diseased 
some degree of tissue loss may result m from 
25 to 45 per cent of individuals in whom 
the subclavian artery is interrupted Plans 
for the use of an arterial graft should be 
made whenever resection of the subclavian 
IS anticipated The risk attending axillary or 
brachial artery occlusion above the profunda 
branch is about the same as for the subclavian 
artery insofar as the viabilitj of the arm is 
concerned Below the branching of the pro 
funda the brachial artery may be ligated 
with impunity m elective cases when there 
IS no extensive bone injury Warren is of 
the opinion that ligation of the axillary artery 
or brachial artery either above or below the 
profunda in a young individual with mlact 
collaterals is completely safe Ligation of 
either ulnar or radial arteries is safe 
Anatomy The subclavian artery is ana 
tomically divided into three parts (Figure 
12 4) The first part extends from its origin 
from the innominate artery on the right side 
On the left side the subclavian artery arises 
from the arch of the aorta The second part 
lies posterior to the scalenus anticus muscle 
and the third part lies between the lateral edge 
of this muscle and the outer border of the 
first rib There it ends to continue as the 
first part of the axillary artery The axillary 
artery extends to the outer border of the 
teres major muscle where it continues as the 
brachial arterj In the upper third of the 
arm the chief branch of the brachial artery 
IS the profunda brachii and this branch js 
very important to the integrity of the forearm 
and hand if the brachial artery is ligated 
below It 

The subclavian arter) is usually ligated by 
election in its third part When ligated at 
this point the mam collateral channels cod 
sist of (he anastomoses of the branches of 
the internal mammary intercostal transverse 
scapular and transverse cervical arteries 
With the more distant branches of the thoraco 


acromial lateral thoracic and subscapular 
artenes Ligation of the axillary m its first 
part above the thoracoacromial trunk pro 
duces the same effect as division of the third 
part of the subclavian artery When the 
axillary artery is ligated at its lower end 
(third part) the mam collateral channels are 
similar to those for obstruction to the upper 
part of the brachial artery These collateral 
routes are made up of anastomoses between 
the anterior and posterior humeral circumflex 
arteries and the branches of the subscapular 
and thoracoacromial arteries as they join 
the profunda brachial artery At the elbow 
the profunda brachit and the ulnar collateral 
arteries anastomose with the ulnar and radial 
recurrent arteries to provide a rich collateral 
network The names subclavian axillary 
and brachial are only terms used for the 
convenience of teaching and learning classic 
anatomy and have no functional significance 
The mam artery to the arm with its branches 
IS the functional unit Branches var> m each 
individual and adequate exposure is essential 
for identification of collaterals 
Surgical Approach The classic approach 
to ligation of the third part of the subclavian 
artery is made through a transverse incision 
parallel to the clavicle with the dissection 
carried down posteriorly between the clavicle 
and chest wall This gives however an un 
satisfactor) and limited exposure of the vessel 
The exposure obtained by division or resec 
(ion of part of the clavicle is much safer and 
may be quickly performed m an emergency 
[22] (Figure 12 5) The mcision may be 
extended downward widely to expose the 
axillary vessels or may be earned upward 
to expose the vessels of the neck This is 
best done with the arm outstretched and 
with a sandbag beneath the shoulders The 
transverse incision along the clavicle exposes 
the periosteum which is elevated and the 
mid segment of the clavicle is removed after 
dividing It with a Gigh saw The subclavian 
vessels come into view when the periosteum 
and superficial fascial layers are incised 
For greater exposure the incision may be 
extended along the lateral border of the 
sternocleidomastoid muscle as shown in 
Figure 12 5 [35] The edge of this latter muscle 
may be further divided medialward at its 
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clavicular attachment Complete exposure of 
the vessels from the root of the neck through 
the axilla may be obtained by carrying the 
incision down from the clavicle over the 
shoulder anteriorly In closing the wound 
the resected section of clavicle need not be 
replaced since no disability follows its loss 
The axillary artery may be exposed alone 
by an oblique trans\erse incision continued 
from the lower part of the incision shown 
m Figure 12 5 The pectoral muse’es are 
divided as shown The third part of the 
axillary artery can be exposed for a limited 
extent by an incision overlying it in the outer 
part ot the axilla while the arm is held out 
stretched and forcirm supinated In the upper 
arm the brachial artery is found beneath the 
medial edge of the biceps muscle anterior 
to the triceps brachu It can be exposed by 
an incision paralleling the artery down the 
arm It is closely associated with its venie 
comitantes and is crossed by the median nerve 
superficially near its mid portion The col 
lateral circulation in the arm is better than 
in the leg and ligations of major vessels m 
the upper extremity are safer than in the 
lower 

THE ABDOMINAL AORTA 

Ligation and resection of the abdominal 
aorta below the renal vessels has been per 
formed almost entirely for the treatment of 
aneurysm or thrombosis Although the col 
lateral circulation should be more highly 
developed in these lesions only approximately 
30 per cent of these patients have survived 
ligation of the aorta Gangrene or erosion 
of the vessel with exsanguinating hemorrhage 
IS common following aortic ligations Severe 
and immediate arterial insufficiency to the 
extent of causing death of both extremities 
and paraplegia otlen results Lesser sequelae 
that have been reported are paralysis loss 
of sensation due to spinal cord damage and 
ischemic ulceration over the sacral region 
As collateral circulation gradually develops 
a regression of these defects and a progressive 
return of a fair degree of function may be 
expected A few instances m which aortic 
legation has been done for tumor have been 
reported An aortic segment into which a 
neuroblastomd had extended was successfully 


has not presented subsequent difficulties and 
IS without evidence of recurrence The out 
look for successful aortic ligation is more 
hopeful either in the young individual free 
of arteriosclerosis or m one who has already 
adapted to a partial occlusion of the vessel 
On the whole however aortic ligation or 
excision with ligation should be considered 
impractical in the surgery of cancer The 
end results arc too devastating to make it 
worthwhile 

There are three main routes of collateral 
flow when the abdominal aorta is interrupted 
below the itnal aTteries and care should be 
taken to save these vessels at operation Blood 
flows distally through the anastomosis of the 
superior hemorrhoidal branch of the inferior 
mesenteric arterv with the inferior hemor 
rhoidal branches of the internal iliac arteries 
The superior epigastric vessels join the deep 
inferior epigastric arteries on either side 
these latter are branches of the external ihac 
artery The two lower lumbar arteries join 
with the deep iliac circumflex and iliolumbar 
arteries to form a third group of collateral 
pathways These are rather feeble collateral 
routes for the needs of the extremities Fhe 
blood supply to the spinal cord via the lumbar 
arteries is always jeopardized bv excision 
of a segment of the aorta and this is a major 
factor that adds to the difficulties of its re 
section for neoplasm 

The highly questionable procedure of aortic 
ligation IS definitely restricted to levels below 
the renal arteries and the superior mesenteric 
artery If surgical procedures are anticipated 
for the aorta more proximally replacement 
or repair must be planned There is a limita 
tion of the time allowable for arterial occlu 
Sion in performing surgical procedures on 
the aorta The clever technic developed by 
Hufnagcl whereby an aortic graft is sutured 
while a temporary plastic prosthesis within 
the graft transports the blood offers one 
the means of replacing a section of aorta 
How much segmental replacement of fhe 
aorta can accomplish remains for the future 
to disclose The outlook for the procedure 
earned out for neoplastic disease is doubtful 
for even though the technic may be worked 
out sttisfactorily very few neoplasms 
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be encountered m which the procedure is 
justified 

The operative approach to the distal part 
of the abdominal aorta is through a low mid 
line abdominal incision which may be ex 
tended upward to the left or right of the 
umbilicus Access to the aorta is gamed 
transpentoneally by making a vertical incision 
over It just to the left of the mid line There 
has been much discussion and investigation 
of methods of aortic ligation When ligation 
IS performed it is safer to divide it also This 
avoids having the full force of the pulse 
wave strike a relatively fixed point as is the 
case m the undivided vessel At the ligation 
site, the elasticity of the vessel wall permit 
ting longitudinal movement of the divided 
end absorbs a sizable part of the shock of 
the pulse Ligation with broad bands of catgut 
tape fascia elastic rubber and other sub 
stances has been advised Successful ligation 
has been accomplished using No 2 chromic 
catgut ligatures The technic of suture closure 
of the divided vessel end with a double 
crossed continuous type of stitch has been 
demonstrated to be effective by Swan and 
Harper m experimental studies 

THE MESENTERIC ARTERIES 
The intestinal tract from the ligament of 
Treiiz down to the mid portion of the trans 
verse colon comprises the midgut and is sup 
plied essentially by a single vascular unit 
made up of the superior mesenteric artery 
and vein These vessels pass beneath the 
head and body of the pancreas and the trans 
verse mesocolon Here they are often invaded 
by tumor that has extended from nearby vis 
cera When invasion of the tissue by tumor 
about the superior mesentenc vessels is pres 
ent a contraindication to radical resection of 
tumors is usually considered to exist This is 
especially pertinent in the case of carcinoma 
of the head of the pancreas Sudden occlusion 
of either of these vessels if allowed to persist 
IS fatal because of insufficient collateral ves 
^cls to take over their function Arterial flow 
from the inferior mesentenc to the superior 
mesenteric artery by way of the left colic and 
midcolic arteries can take place but is m 
adequate There are venous anastomoses be 
tween the portal and systemic s> stems but 


these arc not ordinarily sufficiently developed 
to permit acute portal obstruction If oc 
elusion of the superior mesentenc vein has 
occurred as the result of gradual obstruction 
by tumor the collateral routes may be de 
vcloped enough to allow safe resection of the 
superior mesentenc vein or portal vein These 
ciscs are rare 

More attention should be given to the prob 
1cm of rerouting the flow of blood from the 
supenor mesentenc vessels and also to the 
replacement of these vessels Anastomosis of 
the superior mesentenc artery and vein to 
corresponding renal vessels after nephrectomy 
could be done It may be possible in certain 
instances to join one of the larger small 
intestinal mesentenc vessels with the mferior 
mesentenc artery 

The vascular pattern m the mesentery of 
the small bowel provides withm it, collateral 
routes that safely permit resection of part 
of the mesentery with preservation of the 
corresponding segment of intestine The mes 
enteric intestinal circulation of a number of 
species, including man has been studied with 
respect to its revascularization potential [63] 
In man there are 12 to 16 mtestinal arteries 
to the small intestine which join laterally 
forming a senes of arcades, the arcuate 
vessels These arcades become more compli 
cated m the more distal loops of small intes 
tme The arcuate arteries give off short ves 
scls vasa recta which pass directly to the 
bowel without intercommunication These 
artenes on entering the intestinal wall become 
the mural trunks which do have sizable 
anastomotic communications that have an 
oblique course withm the bowel wall The 
jejunum and upper ileum are especially richly 
supplied With the mural vessels In the lower 
ileum this intramural anastomosis tends to 
be plexiform an arrangement which provides 
less efficient anastomoses Two possible 
sources of collateral circulation to a segment 
of bowel the mesentery of which proximal y is 
damaged are therefore through the arcuate 
system and through the mural vessels withm 
the bowel wall itself Of the two the arcuate 
s)stem IS more effective so that m dogs it is 
possible to revasculanze as much as 25 cm 
segments through these channels The maxi 
mum that can be revasculanzed with both the 
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arcuate vessels and visa recta ligated has been 
shown expenmcntnlly to be between 5 and 6 
cm , and up to as much as 15 cm has been 
possible m some animals [63] These results 
have been obtained m the dog whose inlra 
mural anastomoses are inferior to those of 
man An important related consideration is 
the pronounced mterfcrcncc with intramural 
arterial anastomoses brought about by in 
testinal distention 

The utilization of the capacity of the ar 
cuate system of vessels to supply a long seg 
menl of intestine was first suggested by Roux 
and more recently applied by Yudin A )C)unal 
segment was brought up to replace the 
thoracic esophagus Gangrene of such jejunal 
loops has frequently followed their displace 
ment Longmire believes that the initial di 
vision of two primary mesenteric arteries can 
be done with impunity but that before di 
viding the third and fourth sets the vessels 
should be temporarily occluded for 5 to 10 
minutes and the circulatory function ob 
served The presence of a palpable pulse, good 
color and normal activity is a good criterion 
of adequate circulation An anastomosis be 
tween the mesenteric vessels and regional 
vessels of comparable size has been suggested 
Longmire successfully did this in a young 
boy whose resected esophagus he replaced 
by jejunum after anastomosing the intestinal 
vessels to the internal mammary vessels Stage 
division of the mesenteric vessels permitting 
collateral development is another technic 
and this has been demonstrated to be effective 
m lessening the chance of gangrene in experi 
mental studies and in clinical cases 

The experimental work of Nelson and 
Kremen suggests that if there is an anti 
coagulant effect from the administration of 
an anticoagulant such as heparin at the time 
of superior mesenteric vein occlusion this 
procedure may be sustained Apparently by 
preventing intravascular thrombosis m the 
retarded circulatory system of the intestine 
collateral channels are able to assume ade 
quate function This could not be expected 
however once occlusion had been established 
for some time and thrombosis had been al 
lowed to occur In the case of superior mesen 
tenc artery occlusion heparinization was not 
as effective although through its use the time 
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of Its occlusion could be safely extended from 
n 2 hour limit to 4 or 5 hours The employ 
ment of an antibacterial preparation to reduce 
the bacteria! flora of the intestine also in 
creased the number of survivals after 
temporary arterial occlusion 

In colonic resections the arterial pattern 
his long been recognized as a deciding factor 
in selecting the type of surgical procedure 
Resection of the ascending and transverse 
colon or segmental resections of the left colon 
present few vascular problems In extensive 
resections of the left colon that are designed 
to remove a wide area of lymphatic bearing 
mesentery it appears desirable to resect the 
inferior mcsentcnc artery along with its major 
branches In doing this a long segment of 
colon may be left that is dependent solely 
upon the middle colic artery by way of the 
marginal artery which anastomoses with the 
terminal branches of the left colic arlenes 
The entire rectum above the levatores am 
muscles and the colon as far as the mid 
descending colon may be excised together 
with the inferior mesenteric artery and its 
mesentery providing the marginal vessUs of 
the descending colon are preserved Thus m 
anterior resections of the rectum and in com 
bincd abdominoperineal resections of the rec 
turn the region about the inferior mesenteric 
and up along the aorta may be included in the 
dissection Operations for rectosigmoid an 
sigmoid lesions are probably inadequate un 
less the inferior mesenteric vessels are sacri 
ficed and a thorough dissection is performe 
The marginal artery of Drummond forms a 
senes of anastomotic loops from the ileoco ic 
artery to the sigmoidea ima It is this arte^ 
that supplies the link between the middle an 
left colic arteries This important communi 
cation IS reported by Grant to be absent m 
only 5 per cent of individuals Sudeck s or 
Hartmans critical point has received 
attention m discussions of rectal and sigmoi 
resections in older literature This point on 
the inferior mesenteric artery just ibove 1 e 
origin of the last sigmoid artery was de 
scribed as being the safest site for ligation m 
mobilizing the colon at this level 
below this point was believed to interrupt 
anastomosis between the last sigmoid 
above and the superior hemorrhoidal artery 
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below and so as to compromise the circu 
lation of either the distal sigmoid or proximal 
rectum It is apparent that with the consider 
able variation m vascular patterns for the 
intestine the significance of Sudeck s point 
will differ with the individuals vascular ar 
rangement and with the tjpe of operation 
that IS performed In abdominoperineal re 
section ligation of the infenor mesenteric 
arterial tree at the classic site i e the sacral 
promontory is well above the critical point 
In end to end rectosigmoid anastomosis how 
ever the point acquires importance The pat 
tern of the sigmoid arteries shows consider 
able variation Usually there are 1 to 4 arteries 
arising from the inferior mesenteric artery 
or left colic artery but as many as 7 have 
been described Some investigators have re 
garded the sigmoidea ima artery as a branch 
of the inferior mesenteric artery below and 
distinct from the lowest sigmoid artery By 
anastomoses with the lowest sigmoid artery 
the sigmoidea ima completes the vascular ar 
cade of the marginal artery and is found to be 
present m 81 per cent of cases While its 
branches supply the rectosigmoid its im 
portance lies m the existence of significant 
anastomoses between it and the superior 
hemorrhoidal artery found m half of the cases 
examined In the half of cases showing this 
arrangement ligation of the inferior mesen 
tcnc artery below Sudccks point should not 
deprive the colon of its blood supply whereas 
m the other half without such anastomoses 
viscular impairment should be expected The 
question of a critical point for ligation of the 
inferior mesenteric arterial tree is somewhat 
artificial and classic points should be dis 
regarded in favor of performing an adequate 
radical excision In a limited senes of cases 
in which an extensive sigmoid and distal left 
colon resection has been performed re 
moving all the mesentery included with the 
inferior mesenteric artery the marginal 
artery has been found adequate m perform 
ing colonic rectal anastomosis If doubt exists 
as to the adequacy of the circulation the 
arterj m question can be temporarily oc 
chided and its effects obstrsed In surger) 
of the colon alteration of the operatise pro 
cedure to suit the blood supply is much more 
rcadils done than elsewhere The final lest 


after any ligation of arteries to the colon is 
its functional blood supply which can be 
re'tdily observed either bj visualizing the pul 
sations in small vessels or by observing its 
capacity for arterial bleeding 

THE HEPATIC ARTERY 

Ligation of any part of the hepatic artery 
IS generally considered to be hazardous and 
may result in fatal hepatic dysfunction The 
occurrence of an hepatic death within 3 to 
4 days after the operation of cholecystectomy 
has been ascribed to occlusion of one of the 
mam branches of the hepatic artery usually 
the right branch Cases of survival following 
known hepatic artery occlusion have been re 
ported In these instances the presence of 
large collateral arteries joining the hepatic 
artery distal to the site of ligation is presumed 
to be the fortunate case The gastroduodenal 
and right gastric arteries are the principal 
vessels that form such anastomoses The lo 
cation of the hepatic artery makes it vul 
nerable m extensive operations for the excision 
of malignant tumors m the stomach pancreas 
and biliary tract Even though it is not m 
volved in the tumor itself the hepatic artery 
may be inadvertently injured at operation 
particularly during resection of the head of 
the pancreas 

The normal hepatic artery originates from 
the celiac axis and gives rise to the large 
gastroduodenal artery and the right gastric 
artery It then divides into two mam hepatic 
branches These divide subcapsularly into 
approximately 20 to 30 terminal hepatic 
branches that enter the liver substance The 
liver seems to be supplied in a regional fashion 
by these branches The extent of intrahepatic 
arterial anastomosis is not known In the 
human liver there are subcapsular anasto 
moscs between the phrenic arteries by way 
of vessels m the coronary and triangular liga 
ments and the bare areas of the liver While 
there arc also rich cxtrahepatic communi 
cations between twigs of the terminations of 
the hepatic branches in the fossa for the um 
bilical vein about the caudate lobe it is 
doubtful because of their size that these can 
carry on the circulation when a large branch 
such as the richt hepatic is ligated In almost 
half of 200 bodies carefully examined [57J 
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some sort of aberrant hepatic artery was 
found to be present In 1 1 5 per cent of m 
stances the left hepatic artery arose from the 
left gastric artery and in 12 S per cent the 
right hepatic originated from the superior 
mesenteric artery In 5 cases (2 5 per cent) 
the entire hepatic trunk was derived entirely 
from the superior mesenteric artery In one 
case out of approximately 500 the hepatic 
artery was found to arise from the left gastric 
artery alone Awareness of these aberrant 
vessels is of special importance m carrying 
out the division of the left gastric artery 
during radical resection of the stomach for 
cancer The hepatic artery should be ex 
amined and palpated for its pulsation In the 
operation of pancreaticoduodenectomy the 
possibility that the superior mesenteric artery 
gives rise to the hepatic artery demands 
consideration 

Experimentally, numerous attempts have 
been made to obviate the fatal results of 
hepatic artery ligation Procedures to increase 
the oxygen saturation of portal vein blood 
have been conceived and applied successfully 
to animals This was first done by Narath 
with uncertain results and recently earned 
out effectively by Schilling et al These in 
vestigatois created an end to side arteno 
venous fistula between the divided hepatic 
artery and portal veins and obtained survival 
of all animals It is suggested by this work 
that in case of hepatic artery injury when 
no other alternative is available some sort 
of portal arteriovenous fistula — such as be 
tween the splenic artery and vein— could be 
tried However it is likely that in this event 
the portal vein itself might also be destroyed 
and this type of maneuver would not then be 
feasible m such an injury Reconstruction of 
the hepatic artery is the better choice Welch 
and Callow report the successful suture of an 
hepatic artery divided during a pancreatico 
duodenectomy for carcinoma Here approxi 
mation of the vessel ends was possible If 
approximation of the vessel ends is not pos 
sible either an arterial homograft or an autog 
enous vein or artery graft taken from the 
brachial artery or a forearm vein could be 
implanted It is important to bear m mind 
that arteries as small as the hepatic artery 


can be successfully anastomosed 
It IS believed by some investigators that 
a function of the arterial blood from the 
normal hepatic artery is to maintain ox)gen 
at a level incompatible with the proliferation 
of anaerobes that arc constantly present m 
hepatic tissue [51] The studies of Tantun 
ct al indicate that in the dog Iccithmase 
the alpha toxin of Closirulliim perjrmgem 
type A is the most important factor in 
causing death from hepatic artery ligation 
Dogs whose hepatic arteries were ligated sur 
vived when given parenteral Aureomjcin for 
5 days and these animals showed no necrosis 
of the liver at autopsy [27] Under antibiotic 
therapy changes m liver function owing to 
lack of arterial supply were observed to be 
mild and it was concluded that the dep 
nvition of arterial blood per sc is not the 
cause of death in hepatic artery occlusion 
Recently there has been support of this 
concept in human clinical cases Ligation of 
the mam hepatic artery along with the splenic 
artery has been successfully accomplished in 
cases of portal hypertension due to cirrhosis 
of the liver [76] The rationale of the pro- 
cedure IS that removal of the high pressure 
arterial blood from the livers circulation 
permits more ready passage of the venous 
blood of the portal system through the liver 
Streptomycin and penicillin were given these 
patients both before and after operation The 
mam hepatic artery was ligated distal to the 
departure of the gastroduodenal artery which 
would seem to eliminate any collaterals of 
significant size The experimental work of 
Grindlay, Mann and Bollman did not show 
that penicillin protected the liver of dogs from 
all the effects of deprivation of arterial blood 
The recovery of animals was related to the 
development of adequate collateral vessels 
presumably m the diaphragmatic ligaments 
and along the surfaces of the bile ducts and 
vena cava and possibly through adhesions 
Necrosis of liver substance was seen m 
regions in which arterial supply was entirely 
absent While it is not known whether these 
observations can be applied clinically to al 
human cases they do strongly emphasize the 
necessity for massive antibiotic therapy w' en 
the hepatic arterial supply is threatened 
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THE COMMON AND EXTERNAL 
ILIAC ARTERIES 

Sudden pcrm'inent occlusion of the com 
mon or cxtcrml iliac artery puts the ex 
trcmity in jeopardy The incidence of 
gangrene is at least 65 per cent following 
ligation of either of these vessels On the other 
hand ligation of the internal iliac artery 
(hypogastric) is without serious consequence 
As the iliac vessels pass along the brim of the 
pelvis they arc in a vulnerable area for in 
volvement by rnetastatic cancer arising from 
the pelvic organs If the artery is involved it 
is likely that the adjacent nerves and bon) 
structures are also so resection is mu dly 
precluded for reasons other than the vascular 
involvement Should resection of a tumor 
together with cither the common or external 
iliac artery, be feasible replacement of the 
lesecied segment with a vessel graft is dc 
sirable rather than attempted simple hgation 
Successful replacement of the external iliac 
artery m the case of aneurysm of this vessel 
has been reported by Swan [88] employing a 
preserved homologous artery graft 
Following ligation of the common iliac 
artery the collateral channels are chivfly 
through anastomoses between the superior 
epigastric, lumbar and intercostal arteries 
above with the deep iliac circumflex the 
ileolumbar and the inferior epigastric ar 
teries below The middle sacral and the 
ovarian or spermatic arteries contribute 
through anastomoses with branches of the 
internal iliac arteries mferiorlv There is also 
important collateral flow through the cor 
responding contralateral branches from the 
opposite internal iliac artery 
In the extensive dissection during hemi 
pelvectomy it is desirable that control of 
blood loss be obtained through ligation of the 
external iliac artery performed as an initial 
step How-ever hgation of the external iliac 
artery alone does not affect the blood supply 
from the panetal branches of the internal 
lUac artery that are encountered on division 
of the pubic and sacroiliac articulations and 
other structures deep m the pelvis Early or 
preliminary hgation of the common iliac ar 
tery does and provides a relatively bloodless 
field so that it has been used by some 
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surgeons Necrosis of the posterior skin flap 
however frequently follows permanent com 
mon line artery hgation in this procedure 
Temporary occlusion of the common iliac 
artery may be performed and should be done 
carl) in the operation After division of the 
rectus abdominis muscle and the attachment 
of the inguinal ligament, the common iliac 
vessels Can be exposed rctropcntoneall) 
Healing per pnmum followed in three cases 
reported by Wise in which temporary com 
mon line artery occlusion was practiced 
(99] Temporary ligation of the common iliac 
may be performed through a mid line ab 
dommal incision whenever preliminar) ab- 
dominal exploration is indicated (47] 

THE INTERNAL ILIAC (HYPOGASTRIC) 
ARTERY 

The pelvic viscera are well supplied with 
blood vessels having a multiphcitj of cof 
lateral connections This abundance of 
vessels permits ligation of both internal iliac 
artcncs with a high degree of safety The in 
tcmal iliac artery leaves the common iliac 
at Its bifurcation which overlies the sacro- 
iliac joint The internal iliac then descends 
into the pelvis for a short distance and there 
after divides to form two large trunks These 
comprise the posterior trunk which is dis 
tnbuted to the iliac lumbar sacral and upper 
gluteal regions and the antenor trunk whose 
branches go to the bladder rectum vagina 
uterus and lower gluteal regions through the 
obturator canal The routes for collateral cir 
culation are loo numerous to warrant 
description especially since the internal iliac 
may be ligated without concern as to the 
adequacy of blood supply to the organs an 
tissues that it serves 

The patient with cancer of the cervix who 
after receiving a maximal amount of irradia 
tion has serious hemorrhage may require 
bilateral internal iliac ligations In certaio pa 
tients in whom bleeding is severe ligation o 
the ovarian arteries and of the vessels ^ ^ ^ 
round ligaments mav be advisable in addition 
to bilateral internal iliac artery ligations In the 
radical operation for cancer of the cervix 
and in the operation of pelvic exenteration 
hgation of both hypogastric arteries as an 
early or preliminary step is advised by some 
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surgeons This step is especially viluible in 
the pelvic cxentcntion procedure There is 
less blood loss 'ind t drier field for dissection 
IS obtained During resection of the rectum 
and rectosigmoid for carcinoma, ligation of 
the mtcrml iliac arteries may facilitate 
hemostasis m certain cases that would other 
wise interfere with a satisfactory operation 
Hemorrhage from bladder cancers usuall) 
may be controlled by cystotomy but in some 
cases of extensive carcinoma this is un 
desirable Significant blood loss may occur 
the bladder fill with large clots, and unnary 
retention supervene Ligation of both internal 
iliac arteries is occasionally a useful pro- 
cedure for controlling severe bleeding from 
bladder neoplasms particularly in cases that 
have had persistent bleeding following 
radiation therapy 

The operative approach to the internal iliac 
arteries may be transabdominal during the 
course of mtraabdominal surgery or through 
the bilateral cxtraperitoncal exposure The 
latter is probably less shocking to the 
debilitated and exsanguinated patient who 
might require the operation Within the ab 
domen the vessels are simply exposed by m 
cismg the pelvic peritoneum over them On 
the left the sigmoid mesenter) must also be 
reflected toward the mid line In the extra 
peritoneal approach to the vessels an incision 
is made 1 to 2 cm above and parallel to the 
mguinal ligament from the level of the ex 
ternal inguinal nng up to the anterior 
superior iliac spine This approach is shown 
m Figure 12 7 The aponeurosis of the ex 
ternal oblique muscle is split and the incision 
deepened by dividing the internal oblique 
and transversalis muscle and fascia The 
iliohypogastric and ilioinguinal nerves are 
preserved as they are found with the internal 
oblique muscle The peritoneum is then 
pushed upward away from the pelvic wall to 
expose the external iliac vessels This ma 
neuver is continued until the bifurcation of the 
common iliac artery is reached The deeper 
and more medial branch of the common iliac 
artery is the internal iliac artery This is 
readily distinguished from the external diao 
artery that proceeds along the brim of the 
pelvis to pass beneath the inguinal bgament 
After dissecting the vessel free a ligature 
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may ht passed about it and tied It may be 
dilTicult safely to divide ns well as ligate the 
vessel m this situation although adequate 
exposure should be secured to make it 
possible Ligation of the internal iliac vem 
may be safe!) done at the same time if need 
be Closure of the operative wound is simply 
achieved by allowing the peritoneum to fall 
back m place through the weight of the 
viscera above The musculofascial structures 
arc approximated with interrupted sutures 

FEMORAL AND POPLITEAL ARTERIES 

Major artery ligations in the lower ex 
trcmity arc m general more hazardous than 
in the upper extremity as regards loss of the 
Viability of some part of the limb Primary 
ligation of the popliteal artery is followed 
by a high incidence of severe arterial m 
sufficiency with some gangrene resulting in 
about 75 per cent of cases The same un 
fortunate hazard follows ligation of the com 
nion or superficial femoral arteries Super 
ficial femoral artery ligation carries a nsL 
that IS somewhat lc>s The profunda branch 
of the femoral artery can be ligated without 
senous cllcct ID most cases but it is rare^ 
required The more distal inbutanes of the 
popliteal artery the anterior and postenor 
tibial arteries of the lower leg can be sacn 
ficed individually with impunity but with 
occlusion of both some loss of toes may re 
suit The especially high incidence of ga" 
grene associated with popliteal and commoa 
femoral artery interruption is accounted for 
m part by the frequent injury to coUateras 
occurnng when these arteries are wounde 
or operated upon . 

Anatomy The femoral artery lies relative y 
superficial in the femoral triangle and is 
closely associated with lymphatics that dmn 
from the leg into the inguinal lymph no es 
It IS occasionally involved with pnmary or 
metastatic malignant tumors in cases lO 
which radical dissection of the groin is un er 
taken Indeed at any point along their 
the major vessels of the extremities may be s 
mtimutely involved with a soft tissue sarcoma 
that resection of a segment of the vesse i 
necessary if the tumor is to be ^ 

moved The successful implantation of ar 
and Vein grafts m patients v/ho have require 
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femoral artery resection because of neoplastic 
involvement has been reported by Swan The 
use of peripheral artery homologous grafts 
m this situation had been generally considered 
impractical until recently 
When the common femoral artery is 
occluded the important collateral channels 
superiorly are through the tributaries of the 
sipenor gluteal the inferior gluteal and ob 
turator arteries plus all branches of the m 
ternal line artery These vessels anastomose 
distally With the lateral and medial femoral 
circumfle’c arteries and also with upper 
branches from the profunda femoral artery 
In cases of superficial femoral artery inter 
ruption the principal connecting vessel be 
tween the upper femoral and the more distal 
arteries of the leg is the descending branch 
of the lateral femoral circumflex artery There 
arc also anastomoses of the fourth per 
foratmg branch of the profunda femons ar 
tery with the geniculate arteries about the 
knee Because of the absence of hcav} muscu 
laturc about the knee there is a lack of the 
small muscular arteries that can develop as 
cfTcctive collaterals [73] This dcficiencj is 
largely responsible for the dependency of the 
lower leg on an intact popliteal artery Col 
lateral channels around the popliteal artery 
include the highest and the medial and lateral 
superior geniculate arterials which anasto 
mosc infcriorlj with the medial and lateral 
inferior geniculate and anterior tibnl recur 
rent arteries Some of the collateral flow from 
aboNc comes via the fourth perforating branch 
of the profunda femons artery and the dc 
sccndinc branch of the lateral femoral cir 
cumilex as well These unfortiimtcly comprise 
relatiselj few and small channels 
Surgical Approach Good surgical exposure 
of the femoral artery may be obtained b> 
means of a vertical mcision placed over the 
artery in the femoral Inanglc This incision 
can be extended down through the adductor 
canal to the point at which the femoral artery 
pierces the adductor macnus muscle and be 
comes the popliteal artery Tlic incision is 
made alone a line extending from the mid 
point of the inguinal ligament to the inkroal 
femoral condslc The sirtocms muscle serves 
as a landmark since it forms the lateral 
boundarv of the femoral triangle At the apex 


of the tnangle this muscle crosses the vessels 
to lie superficial to them m the adductor 
canal In Hunter s canal just deep to the 
sirtonus muscle is a dense aponeurosis that 
can be divided to allow further access to the 
vessels The profunda femoral artery leaves 
the common femoral artery posteriorly at its 
bifurcation about 1 5 inches from the inguinal 
ligament In the femoral triangle the femoral 
nerve lies lateral to the artery The vein lying 
first medially gradually assumes a posterior 
relationship to the artery, which it retains as 
It continues through the adductor canal 
The popliteal artery may be approached 
at Its origin medially just as it leaves the 
adductor canal to pass into the popliteal fossa 
through the tendinous hiatus of the adductor 
magnus muscle The incision is made just 
anterior to the adductor tubercle of the in 
temat femoral condyle and is earned upward 
The leg IS maintained m an abducted and 
everted position with the knee flexed which 
relaxes the musculotendinous structures so 
that the popliteal space opens up The artery 
presents itself upon posterior retraction of iht 
medial hamstring muscles and tendons to- 
gether with the saphenous vein The mjtt: 
inferior portion of the popliteal artery i$ b*r>- 
exposed through a vertical incision posterj^j 
over the popliteal space This incision is t^i 
when made m a modified S shape vit; 
transverse component along the line < . 
flexion crease m order to avoid a coat*"*! 
scar [22] The lesser saphenous vein i. v 
as a guide through the deep fascia ouw? 

Ihc popliteal vein in the fossa wh*-*- 
lateral to the popliteal artery On 
occasions arise for exposing ti> 
aricry in the surgery of maligOdn ly 

Interruption of Importon* J., 
Throughout the body ih*- n 
channels arc latgi.T more pV 
adequately supplied with cj — 

Ihc major arteries Almos ^ 
bilateral may be intern 
without appreciable dcle’^j _ 

onlv minor disabilitv T^i-r 

venous channels that <- 

arrwiccd or that drain r - 

cannot be safeU lies- 

arc the inferior ven^ - ' “ — 
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veins the superior mesenteric vein, the porttl 
vein nnd the superior vem cavi All these 
veins normally lack established or potential 
collaterals of sufficient size to prevent severe 
congestion of important viscera when they 
are suddenly occluded — an occurrence that 
may lead to rapid death A gradual occlusion 
on the other hand may be sustained by pro- 
ducing slowly developing hypertension m the 
venous bed which stimulates the opening of 
collateral routes The extensive collateral cir 
culation thit develops bctssccn the portal 
ssstem and systemic veins in eases of cirrhosis 
of the liver is an example of this phenomenon 
Ligation of the portal vein in eases of severe 
portal hypertension is not fatal when exten 
sive esophageal varices and other collaterals 
have developed 

THE VEINS OF THE EXTREMITIES 

Edema of tissues peripheral to the point 
of hgation of major extremity veins often 
occurs It IS not atvsays possible to ascertain 
the role of venous stasis itself m the causation 
of the edema Blockage by mfiammator) 
fibrosis of lymphatics accompanying the veins 
has been ascribed as an important factor in 
Its production 

Also of importance is the functional state 
of the remaining collateral veins with respect 
to their occlusion by thrombosis or mci 
dentally at operation The large number of 
individuals who have had their superficial 
and common femora! veins ligated in the 
treatment or prophylaxis of deep venous 
thrombosis without sustaining disabling 
sequelae attests to the safety of hgatmg the 
large veins of the lower extremity I2dema 
however is often a persistent complication 
of common femoral vem ligation The studies 
of Homans [39] demonstrate that ligation of 
the common iliac vein results m better col 
lateral circulation than ligation of either the 
external iliac or common femora! vein 
There is also little difference between the 
effects of ligating the inferior vena cava or 
both common ihac veins 

In the upper extremity the mam veins can 
apparently be ligated with the same freedom 
MacDonald has adopted a policy of resecting 
the axillary veins m the course of radical 
mastectomy when axillarj metastases are 


Surj;«fjf 

ipparcnl In doing so he makes an effort to 
preserve the cephalic vein The occurrence 
of lymphedema in a small senes of such eases 
reported by him is no higher than custom 
arily occurs when the vein is left intact 

THE JUGULAR VEINS 
The unilateral resection of the internal 
jugular vein and the external jugular vein 
m the operation of radical neck dissection has 
long been recognized as being without serious 
effect There has been however considerable 
hesitincv on the part of many surgeons in 
subscribing to the sacrifice of these vessels m 
both sides of the neck \Vhcrc the usual neck 
dissection might have been indicated on the 
second side it has often been modified vrith 
preservation of the tnfcmal jugular vein and 
frequently surgery has been abandoned in 
favor of radiation therapy Recent reports by 
several observers support the practicabilit) 
and the safci) of complete bi'atcral neck dis 
section with bilateral jugular ocelusion as 
earned out in two stages Martin et at have 
had no postoperative deaths m 66 patients 
with bilateral procedures and in 50 cases with 
histologically proved bilateral metastases 
have had 5 vear cures in 30 per cent 
An excision of the entire internal and ex 
tcmal jugular veins along with other veins 
included m the radical neck dissection 
eliminates a much larger part of the potenlia 
venous collateral channels than does simple 
ligation Yet adequate routes of egress for 
venous blood from head and n'^k appear to 
be available even to allow at least in some 
cases one stage jugular occlusion without 
to 3 v».eeks elapsing between stages 

Attention has been directed b) Batson to 
the richness of the pathways of venous drain 
age from the region of the head There are 
abundant communications between the intra 
cranial and interosseous and extracrania 
portions of the venous system about the hea 
Valvres are virtually absent except m the dis a^ 
part of the internal jugular veins so t a 
retrograde flow readily occurs throughout t ^ 
system Important venous collateral 
m the flow of blood from the head wit 
literal jugular occlusion are the deep 
tenor cervical collecting veins such as 
vertebral occipital and deep cervical vein 
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the pharyngeal pterjgoid and esophageal 
venous plexuses and of much importance the 
vertebral venous plexus The vertebral sys 
tern of veins consists of both an internal and 
external plexus of veins with respect to the 
spinal canal These have many inter 
communicating veins and at each inter 
vertebral space there are anastomoses with 
veins of the neck thorax and abdomen This 
provides free communications with the 
sjstemic venous system to such an extent that 
on straining or coughing blood may be di 
verted into the vertebral venous plexus from 
peripheral parts of the bodv [4] 

Bilateral removal of the jugular veins does 
result in partial venous stasis about the head 
Gius has described consistent clinical mani 
festations of this condition which include a 
varying degree of edema rapidly appearing 
about the face m all cases The edema grad 
ually subsides though not completely m some 
cases Immediately following ligation of the 
second internal jugular vein the face assumes 
A pink or cyanotic hue that subsides more 
rapidly than does the edema A severe head 
ache may be present after operation and this 
lasts as a rule for several days It tends to re 
cur if the head is placed in a dependent po 
sition so that most patients prefer to sleep 
with their heads elevated There has been 
found no evidence of serious alteration of the 
cerebrospinal fluid pressure and no visual dis 
turbanccs or persistent eye ground changes 
have followed bilateral internal jugular vein 
ligation Neither Gius nor Martin reports any 
mortality in the immediate postoperative 
period following bilateral ligation If laryngeal 
edema even of mild degree is present when 
bilateral ligation is anticipated tracheotomy 
IS probably advisable 

THE INFERIOR VENA CAVA 

Numerous clinical observations have dem 
onstrated that sudden complete ligation of the 
inferior vena cava in its lower one third below 
the renal veins is compatible with life being 
tolerated and scarcely causing any circulatory 
difflculties in the majority of cases As might 
be expected edema of the lower extremities 
IS the chief sequela In most cases the edema 
transitory and disappears after 6 to 10 
weeks though m elderly individuals the 


edema tends to persist to some degree With 
adjustment of the venous return through col 
lateral development the appearance of 
hemorrhoids and varicosities about the gem 
t«.lia and lower abdomen have been noted to 
follow inferior cival ligation The absence of 
signs of venous vascular disorder is accounted 
for by the multiplicity of collateral channels 
available after ligation of the inferior vena 
cava at this level The principal collateral 
vtins have been shown to be the veins of the 
pelvic and abdominal walls the veins of lum 
bar and azygos systems the vertebral plexus 
of veins and the portal venous svstem These 
various groups intercommunicate cither di 
rectiy or indirectly Of less importance are 
the superficial veins of the trunk [77] 

Inferior vena cava ligation is not entirely 
without hazard In certain cases ligation of 
the inferior vena cava below the renal veins 
has not been tolerated because the available 
collateral routes were insufficient A condition 
of acute venous congestion ensues that has 
in some instances terminated m gangrene 
It seems to be most commonly associated 
With obstruction of the deep veins of the leg 
by thrombosis The legs become cyanotic and 
tensely engorged with blood and petechial 
hemorrhages occur If the patient is con 
scious severe pain may be expected Shock 
may develop Some indication of the ade 
quacy of collateral venous circulation can be 
obtained at the time of ligation by the extent 
of drop in blood pressure If severe hypo 
tension persists m spite of adequate trans 
fusion the ligature must be removed and the 
procedure abandoned The vena cava should 
be temporarily occluded before applying the 
final ligature to determine the effects of li 
gation The operation should never be con 
eluded until the ligation has proved to be well 
tolerated as evidenced by absence of or re 
covery from shock and the extremities should 
neither be cyanotic nor engorged In the event 
that the patient is found to have an made 
quatc collateral circulation the treatment for 
this condition is release of the ligature or 
if this IS not possible because of the lapse of 
time since ligation and the poor state of the 
patient the only effective treatment is c)e 
V tion of the leg and exercises 193] This 
maneuver consists in actively flexing and 
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extending both legs continuously until the 
condition improves Elevation is then con 
tinucd Such exercises ‘pump blood out of 
the leg through small channels that will 
eventually take over the burden of collateral 
circulation 

There is general agreement that ligation 
of the inferior vena cava above the level of 
the renal veins is incompatible with life Renal 
engorgement sulTicicnt to produce complete 
shutdown occurs if the inferior vena cava is 
completely occluded for more than 10 mm 
utes above the renal veins In the operations 
for anastomosis of the portal vein to the vena 
cava above the rcnals, only a portion of the 
wall of the cava is included in a special clamp 
Free (low beneath this pinched oft scgmi.nt 
allows normal renal venous drainage so 
essential to a safe operation Should the vena 
cava above the renal veins be occluded gen 
erally as is found in some cases at operation, 
good collateral would be present permitting 
resection of that part of the vessel Resection 
of the vena cava under such circumstances 
would rarely be indicated Resection of part 
of the wall of the vena cava above the rcnals 
repairing and creating a narrow but adequate 
channel has been done in cases of local 
tumor involvement without renal impairment 

THE SUPERIOR VENA CAVA 

Interruption of the superior vena cava 
causes severe symptoms and disability Even 
when the collateral circulation is fully de 
veloped there is as a rule rather poor com 
pensation In patients who have survived 
superior vena cava ligation there is often 
edema of the upper part of the body and 
pleural effusion In the dog Carlson found 
that acute occlusion of the superior vena cava 
below the azygos vein was fatal whUe ligation 
above the azygos vein allowed the survival of 
SIX out of seven animals More serious conse 
quences can be presumed to occur m man 
Animal experiments of Gerbode et al in 
which the azygos vein was anastomosed above 
the site of superior vena cava ligation and in 
which the divided superior vena cava was sue 
cessfuUy anastomosed to the right auricular 
appendage when vena caval ligaUon was done 
below the azygos suggest that the superior 
vena cava can be resected successfully m man 
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if suitable anastomoses can be made rccon 
stituting channels for the return of blood to 
the heart Vein grafts might prove useful for 
this work 

THE PORTAL VEIN 

The painstaking effort necessary for the 
preservation of the portal \cm has been ac 
cepted as essential m the operation of radical 
pancreaticoduodenectomy for carcinoma of 
the head of the pancreas That the portal vcm 
must be saved is a recognized defect in the 
operation Dissection of the pancreas from the 
Vcm with an invasive cancer onl) a few 
millimeters away is far from ideal as a pnn 
ciplc of radical cancer surgery If the vein 
Wall is invaded the situation is unfavorable 
for excision It must be accepted that the 
small intestine becomes engorged with blood 
that cannot escape from it if the portal vein 
is interrupted The results of sudden portal 
vein occlusion as studied m animals depend 
upon the particular species Such an event 
is fatal for the cat rabbit and dog It is fatal 
in man unless gradual occlusion with some 
degree of portal hypertension followed by d^ 
\clopmcnt of adequate collateral routes has 
occurred Portal vein ligation is well tolerated 
m Rhesus monkeys Child [13] has found 
that monkeys can tolerate the circulatory 
adjustment necessary for survival after portal 
Vcm resection cn bloc with the lower part of 
the stomach Portal venograms of ligated 
humans and monkevs are similar However 
the monkey has a more adaptable collateral 
system since it does not develop portal sys 
tem hypertension as does man with portal 
vein obstruction Child reports ligation of 
the portal vein m two patients who had non 
resectable cancer who survived for 2Vi and 
8 months respectively Parsons describes two 
cases one of partial and one of complete 
portal vein resection with survival in instances 
where the vein was involved by tumor 
DeBakey describes a case m which a segment 
of superior mesentenc vein was successfully 
resected along with a mycotic aneurysm 
of the superior mesenteric artery These cases 
demonstrate thdt at least in some instances 
of sudden interruption of the portal or 
supenor mesenteric veins adequate collatera 
circulation mav exist It is a reasonable pre 
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sumption that in certain cases of extensive 
cancer of the pancreas or stomach in which 
long standing disease has partially obstructed 
the portal vein some degree of portal hyper 
tension gradually develops and m a few cases 
adequate collateral channels are present 
Whether or not diversion of portal blood 
into the vena cava by anastomosis of the 
superior mesenteric vein to the inferior vena 
cava (essentially an Eck fistula) will ever be 
possible in human subjects with removal 
of the portal vein remains to be seen The 
operation is feasible using venous grafts but 
there are so many technical difficulties that 
it may be impracticable The preliminary step 
of gradual occlusion of the vein before re 
section in the attempt to accelerate collateral 
venous routes is also not practicable While 
spleno renal anastomosis is another theoretic 
means of decompressing the portal system 
before pancreatic resection it has not been 
tried "The objection to preliminary venous 
shunting of the portal system is that such 
anastomoses would be likely to close in the 
absence of portal hypertension More exten 
sive resections about this region of the hepatic 
pedicle must be devised if cancer of the head 
of the pancreas cancer of the bile ducts and 
extensive gastroduodenal cancer are to be 
more adequately treated Progress m vascular 
surgery and particularly m vessel replacement 
by autografts or homografts is essential to 
this enterprise 

TECHNICS IN VASCULAR SURGERY 

The Temporary Occlusion of Vessels 

In order to perform a reparative or recon 
stnictive procedure on a blood vessel com 
plete control over the blood flow within it is 
essential This requires an adequate exposure 
of the region being operated upon and a 
reliable means of temporarily occluding the 
vessel Many special occlusive vascular clamps 
and technics have been developed over the 
years Recent progress m the surgery of con 
genital heart disease and other operations 
involving the great \essels has resulted in 
the development of new instruments De 
scnptions of some of these instruments are 
included here because they can often be 
used to advantage in situations other than 


those for which they were originally designed 
At operation when no special vessel clamps 
are available, workable improvisations maj 
be quickly applied 

SPECIAL INSTRUMENTS FOR 
VASCUUR SURGERY 

In Figure 12 8 instruments useful in vascu 
lar surgery are shown In addition improvisa 
tions of vascular instruments made from 
readily available materials are described The 
serrefinc or bulldog clamp is the standard 
vessel occluding instrument It is eflective in 
occluding vessels the size of those m the upper 
or lower extremity It is not sufficiently secure 
for the larger arteries such as the iliacs for 
vessels of this size a clamp that locks is desir 
able The serrefine may be used either un 
co\ercd or shod with rubber or shoe lacing 
The latter covering is less apt to permit slip 
ping of the clamp on the vessel The tension of 
each serrefine as used on a particular vessel 
should be tested and adjusted for adequate 
tension without too great crushing strength 
The Blalock clamp is excellent for oc 
eluding large vessels either arteries or veins 
It permits an accurate adjustment of pressure 
on the vessel wall and a means of locking 
the clamp It is best used uncovered A clamp 
that does not slip longitudinally on the vessel 
permits the approximation of the retracted 
vessels The clamp described and employed 
by Potts [71] for the division of the patent 
ductus arteriosus finds uses on other vessels 
where slipping of the clamp during approxi 
mation is undesirable Potts ductus clamp 
has a senes of fine sharp teeth along its jaws 
that bite into the adventitia of the vessel and 
prevent slipping jet do not significantly 
damage the vessel wall If the need for tern 
porarily occluding an artery arises when 
special vessel clamps are not readily avail 
able several technics may be used instead 
The simplest of these is to occlude the vessel 
with a tape snugged up by means of a hemo 
static forceps For prolonged clamping when 
the forceps would be m the way the oc 
eluding tape may be secured by tjing it with 
heavy suture material Another convenient 
method is earned out by passing a tape about 
the vessel and passing it through a glass or 
rubber tube The vessel is obstructed by pull 
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mg on the tape loop and then clamping the 
tape at the outer end of the glass tube or 
through the wall of the rubber tube This 
may be easily applied to the aorta For the 
aorta or the vena cava above the renals it 
IS usually mandatory only partially to obstruct 
the lumen w'hile carrying out an anastomosis 
This can be successfully accomplished m 
the aorta by means of another clamp devised 
by Potts and Smith for the operation of anas 
tomosis of the arch of the aorta to the left 
pulmonary artery m congenital pulmonic 
stenosis A segment of the thin w-all of the 
inferior vena cava may be partially occluded 
by a curved spring blade intestinal clamp 
(Thomas Smith) as applied by Welch in 
portal cava! anastomoses 

The Division and Ligation of Large Vessels 
The ligation of large vessels is not with 
out risk from late erosion of the vessel wall 
and hemorrhage Division and ligation of 
large vessels is preferable to ligation per 
formed m continuity It is safer because in 
the divided vessel the pulsatile force does 
not act upon a hxed point and the elastic 
longitudinal extension and retraction reduce 
the force of pulse wave at the site of ligation 
Small or medium sized arteries and veins 
however can be safely ligated in continuity 
with a single interrupted ligature On sizable 
vessels ligatures should be re enforced to 
prevent their slipping off This is best done 
by means of a transfixion suture ligature 
placed immediately distal to the first tie It 
was advocated by Ballance and Edmunds 
that larger arteries should be tied just firmly 
enough with heavy double ligatures only to 
approximate the intimal surface and avoid 
fracturing the arterial wall Halsted pointed 
out that ligatures are usually applied too 
quickly before healing has given the vessel 
enough strength A similar principle applies 
to the use of transfixion sutures If the suture 
IS placed at any distance from the proximal 
ligature the intervening segment may become 
necrotic and the ligation as a whole will be 
weakened Reid has stressed the advantage 
of having the vessel segment undergoing 
ligation relaxed and empty of blood dunng 
the act of ligating larger arteries The ligature 
can then be set down with the proper tension 


and there will be less likelihood of cutting 
or fracturing the vessel wall Early dissolu 
tion of ligatures is dangerous and may release 
a necrotic vessel well before strong healing 
has been secured Halsted re emphasized the 
desirability of using nonabsorbable ligature 
material on arteries m preference to catgut 
for this reason Because fine ligatures tend 
to cut through the vessel waif faster than 
larger ones Reid advised that the size of 
ligature material be increased m proportion 
to the size of the artery He suggested that 
a single strand of braided silk be used for 
tying an artery the size of the radial For 
vessels the size of the femoral artery or the 
subclavian artery two strands of heavy 
braided silk should be used For ligating 
the iliacs or the aorta 2 and 3 strands re 
spectively of braided tape should be applied 
For arteries ligated m continuity heavier 
material should be used than when vessels 
are interrupted These principles are sound 
even though the factor of infection has been 
largely eliminated m present day surgery and 
the difficulties with ligature erosion have been 
lessened It is impractical to give exact speci 
fications for the size the type and the number 
of ligatures to be applied in a given case for 
any vessel Suture closure of the end of a 
large divided artery is preferable to the cn 
circling ligature especially when only a 
short segment is available for ligation (Figure 
12 9) Swan and Harper have demonstrated 
Its efficacy in experimental studies on the 
dogs aorta The closure of the end of the 
artery is accomplished by a continuous 
double crossed stitch such as used by Gross 
and by Linton on the popliteal artery 

When large veins are divided care must 
be taken to avoid the sucking of air into 
the vessels Fatal air embolism may result 
This IS liable to occur particularly m the 
neck where the vein may be partially held 
open by surrounding fascial tissues The 
slight negative intrathoracic pressure present 
dunng inspiration and transmitted to the 
vessels entering the thoracic cage is respon 
sible 

The Gradual Occlusion of Large Arteries 
Many ingenious technics for producing 
gradual occlusion of large arteries have been 
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Fig 12 9 Arteriol sulyre technics A Sutyre closur« of lh« ond of a lorgo difided 
row of simple over ond over whip stitch (o) followed by a continuous suture and (o) 
back as a second cross ng row 5 Interrupted cnottress suture The edges are everted 
infimo to-infima opproximotion Minimol suture is exposed within the lumen C Continuous 
through ond through suture including oil layers There is end to-end layer opproximation D on 
finuoos through and through suture OYoidiog the intima Essentially no suture moteriol Is expose 
in lumen and end lo-end layer approximation is obtained 


devised over the years Metal clamps or bands 
and tissue strips have not been successful 
either because of failure completely and 
permanently to occlude the vessel or because 
of the resulting pressure atrophy Of the 
arterial wall Rupture and hemorrhage have 
frequently followed their use Dilatation and 
thinning of the wall beyond the stenosis also 


iccur Even gradual occlusion by means of 
troad cone shaped elastic bands is acco 
lamed by a prohibitive occurrence of 
hage [64] Methods of occlusion by 
Qinal obstruction have been tried Ro s 
ascia sutured within the vessel (Reid) 
sailed wire springs threaded into the a 
[pearse), and infolding plication by s 
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of the arterial wall have all failed to provide 
uniform effective and well controlled occlu 
Sion Certain irritating plastic rnaterials of 
the cellophane or poljethylene types have 
been found to provoke an intense fibroblastic 
reaction sufficient progressively to constrict 
large vessels and completel) occlude them 
when applied to their exterior (Pearse) The 
irritant properties of these plastic substances 
have been found to be due to an adulterant 
dicet)l phosphate present m just those pre 
pared by certain processes [100] Expert 
mentallj m the dogs aorta fibroblastic ir 
ritants have been effectively combined with 
a partially occluding metal band of tantalum 
for producing occlusion [14] These methods 
all arc at a disadvantage m cancer surgery 
since they require a long period of time (two 
months or more) to achieve the desired oc 
elusion Fibroblastic agents also provoke a 
reaction in the surrounding tissues that js 
a hindrance m dissection 

The Anastomosis of Blood Vessels 
Careful tcchnic is essential for the success 

performance of a vascular anastomosis 
Vessels and segments of vessel grafts must 
be handled gently so as to avoid injury 
Drying of the vessel should not be permitted 
During the anastomosis procedure good 
hemostasis both about the vsound and vsithin 
the vessel lumen is mandatory in order to 
avoid the formation of small thrombi at the 
anastomosis from which larger clots form 
after the flow of blood is restored The anas 
tomosis that is smooth with few irrcgulaniies 
or constrictions wuhm the lumen insures a 
smoother more streamlined nonturbulcnt 
flow of blood and is more likclv to remain 
patent Strict asepsis must be observed to 
mmimirc the chance of local wound infection 
that mav lead to thrombosis or hemorrhage 
After the completion of anastomosis blood 
flow should be maintained in good volume 
at a good pressure The likelihood of throm 
bosis ocairnnc at the anastomosis is increased 
h) anv restriction of the blood flow throueh 
u Conditions that contribute to impaired 
flow at the anastomosis include segmental 
arterial spasm hvpotcnsion and ccncrali/cd 
Tclltx vasoconstriction that occurs with shock 


Attention must be given to the correction of 
such abnormalities 

anticoagulants 

It IS well established from experimental 
and clinical results that satisfactory blood 
vessel anastomoses even m arteries as small 
as 3 5 mm to 4 5 mm in diameter can be 
successfully performed without an important 
incidence of thrombosis even though anti 
coagulants are not used [60] In larger vessels 
thrombosis is less likely to occur Heparm 
and Dicumarol therapy for rendering the 
blood incoagulable on other accounts than 
to prevent thrombosis at an arterial anasto 
mosis have been extensively applied m the 
prophylaxis and treatment of spontaneous 
intravascular thrombosis As a general rule 
It IS safe to say that generalized anticoagulant 
therapy either during operation or after op 
eration is unnecessary and may even be un 
desirable when vascular anastomoses have 
been made An adequate volume of blood 
flowing freely through the anastomosis can 
be considered to be the best safeguard against 
thrombosis If anticoagulants arc to be used 
the time when it is safe to start their use is 
determined by the nature of the operative 
procedure The most critical period for for 
mation of a thrombus is immediately follow 
mg completion of the anastomosis and ideally 
an anticoagulant would be most effective if 
given at once In the extrcmilv where hemor 
rhage can be cisily recognized and controlled 
'iniicoigutants may be safely given preopera 
lively U is not svfc however to have an 
carlv vnlicoagulant effect when procedures 
within the body cavitrs have been p-rformed 
The administration of anticoagulants must 
be delayed in such cases until bleeding mav 
be assumed to have stopped by spontaneous 
coagulation in the area of the wound A delay 
of 2 to 4 hours follow me operation is con 
sidcrcd sufficient b\ some The prevention of 
thrombosis b\ anticoagulant ihcrapv durmu 
Ihc first dav or two after operation does not 
preclude Its occurrence after aniicoiciilant 
Ihcrspy has been di<conliniicd The possibiUtv 
of thrombosis occurrinc in an mastomosii 
exists from 2 to 3 weeks after opention until 
hcalmc of the vessel is complete 

In the selection of an aniicoa-ulani druc 
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\em covered rigid metal cylinder js then m 
serted into the lumen of the recipient vessel 
where it is secured m place bj an encircling 
ligature An intima to intima type of anasto 
mosis, with no suture material exposed in the 
lumen can be performed by this technic It 
forms a leakproof ]oint It may be used for 
an end to side vein anastomosis by inserting 
the vein cuffed tube through an opening in 
the wall of a large vein such as the vena 
cava and holding it in place with a purse 
string type of suture A vein graft may be 
inserted by cuffing each end of the graft with 
a metal tube and completing the anastomosis 
with the divided vessel ends in the same way 
attention must be given to align the valves m 
the graft with the direction of blood flow 
The method is one of seeming simplicity not 
requiring meticulous suturing }ct to the un 
practiced it presents many technical difTiculiies 
The metal tubes must be just the proper size 
If too large the tube cannot be inserted in 
tne open receiving vessel, even though it is 
held open and triangulated by fine forceps K 
the receiving vessel is in spasm this is espe 
cially difficult The anastomosis has the dts 
advantage of being somewhat constricted by 
the permanent rigid ring This constriction 
causes turbulent blood flow which predis 
poses to thrombosis particularly m small 
vessels In some instances the vessel wall has 
been eroded by the metal tube, which has 
acted as a metallic embolus within the lumen 
m others the tube has been extruded outside 
the vessel to cause severe hemorrhage The 
complications with this technic are more fre 
quent than with a well done suture anasto 
mosis It should be used only in special in 
stances and never as the method of first choice 

ARTERIAL GRAFTS 

When vessel ends can be approximated for 
anastomosis without undue tension grafts are 
not necessary However m the presence of 
obvious vascular loss or when there is tension 
at the suture line the suturing is more difficult 
and hazardous The vessel under tension be 
comes narrowed at the anastomosis bv the 
stretching In cases m which a sizable segment 
of an important vessel is destroyed or resected 
replacement is the only satisfactory solution 
The recent clinical use of vessel grafts after 
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extensive laboratory proving has demonstrated 
the value of both arterial and venous gratis 
m replacing arterial segments [32, 43, 881 
Autografts arc physiologically the most sound 
graft It has been shown that they survive as 
living vessel segments The hek of their 
avxilabiliiy is thcir principal drawback To 
obtxin useful autografts entails sacrifice of an 
artery of comparable size which in the case 
of larger arteries cannot gcncnlly be done 
without jeopardizing the blood supply to other 
parts of the body Fortunately, arterial homo- 
gmfls have been found satisfactory and their 
application has developed beyond the cxperi 
mental stage Both fresh and preserved homo- 
grafts serve well, implanted as functioning 
segments of arteries The gross and histologic 
changes in the fresh homograft and the homo- 
graft that IS preserved wilhin certain time 
limits arc similar [59] Studies of the changes 
indicate that a homograft eventually dies but 
as this occurs the medial layer of the graft 
undergoes a collagenous alteration becoming 
cvcntunlh an acellular layer of good strength 
The intimal layer necroses but is replaced by 
a fibroccllular layer The sutures at the 
anastomosis arc covered by this tissue also 
The homologous type of graft has been shown 
to be satisfactory for artenes as large as the 
humnn aorta and as small as the femoral 
artery of the dog of 3 mm to 4 5 mm m 
diameter 

Like autografts fresh homografts are not 
always readily available and to have them at 
operation demands some method of preserva 
tion from the time they are taken until they 
arc used The experimental studies of Gross 
nnd his associates [32] have proved that ar 
teiial segments can be taken from 4 hours to 
5 hours after death and preserved for 35 days 
to 40 days before use Tissue cultures at that 
time show viability of at least certain types o 
cells It IS generally believed that viability of 
the tissues is dcsuable it the time of implanta 
tion and these time limits are generally ac 
cepted at present Some work with small 
irtenes suggests that there is an increased 
occurrence of minor defects after 1 to 2 
weeks storage and perhaps small arteries 
should not be used after 10 to 14 days bank 
mg for best results [59] 

Several satisfactory methods of preserva 



special Cotisldcralions of > oscular Suq;ery Pertaining to the Treatment of Malignant Neoplasms 237 


tion and storage of grafts have been used 
The method developed by Pierce Gross 
et al has been most extensively used The 
preserving medium is a modified type of 
Tyrode electrohte solution that is buffered 
and to which has been added 10 per cent 
homologous serum 1 per cent dextrose and 
penicillin and streptomycin 50 units for each 
cc It also contains an indicator to show pH 
changes The arterial segments arc covered 
with this liquid and stored in scaled bottle^ 
at refrigeration temperatures between O" C 
and 4® C Another method of preservation is 
a quick freeze technic with storage of the 
grabs at lower temperatures While methods 
of this type have not been as extensivclj 
applied m clinical work as those employing 
the physiologic solutions good results have 
been repOTled by Blakemore et flJ Hufnagel 
and Deterlmg et al This method of pres“rva 
tion and storage of grafts seems to hold out 
the best hope for storing grafts for longer 
periods of time The preservation of artenil 
grafts by the freeze drying method whereby 
homografts are quick frozen and lyophilized 
has been fourd to be successful [54] This 
technic produces dehydrated grafts that may 
be stored at room temperature for indefinite 
periods of time 

Grafts of dogs aortas that have been de 
vitalized by formalin fixation have been im 
planted m animals with satisfactory results 
though the morphologic alterations in the 
grafts were found to be more severe than in 
the living type of graft The possibility of 
using heterografts between differing species 
has also been experimentally investigated with 
inconclusive results 

The procurement of suitable human arterial 
vessel segments for homografts presents prob 
lems because of scarcilv of suitable material 
It IS impractical for one institution to bear the 
trouble and expense of maintaining its own 
bank Even large institutions require grafts 
too infrequently to maintain a reasonably 
complete bank It is desirable to establish a 
central depot or bank m large cities or gvo 
graphic regions with a group of hospitals 
contributing After this is established the sur 
rounding smaller neighboring communities 
may be supplied Such a central bank has 


been established and has been in operation for 
a short time m New York City [44] 

VEIN GRAFTS 

The disadvantage of the limited availability 
of the arterial graft may be resolved in the 
individual case by the use of autogenous vein 
grafts for replacing arterial segments There 
are many veins of suitable size that can be 
removed from the same individual without 
risk of serious difficulty Recent experimental 
work and clinical reports of their use in 
arterial injuries congenital defects and aneu 
rysms have been encouraging [43] The vein 
graft presents some inherent disadvantages 
It IS soft and pliable and tends to collapse 
during the anastomosing and is therefore not 
as easy to handle as an artery with its more 
rigidly maintained lumen It is also somewhat 
difficult accurately to match the diameters of 
vcm grafts and the recipient arteries Dihta 
lion of (he implanted segment tikes place 
under arterial pressure Although aneurysm 
formation is not marked there is a degree of 
dilatation at the region that creates turbulent 
blood flow and is more likely to result in 
thrombosis under adverse circumstances Ar 
tenalization of the wall of the vein graft 
implanted in an artery has been described 
Johnson and Kirby m their studios found that 
the gross thickening of the wall of vein grafts 
occurring progressively represented a fibrosis 
characteristicall) involving all layers of the 
graft wall 

Either the nonsuture or suture technic of 
anastomosis is applicable to the vein graft 
The suture technic is preferable In perform 
ing vein graft anastomosis care must be 
exercised to place the vein segment so that its 
valves do not obstruct the flow of blood Veins 
available for use are the greater and lesser 
saphenous veins the femoral vein or its 
branches and perhaps the iliac veins 

INERT PROSTHESES 

Many substances ha\e been employed as 
vessel prosthescs These include tubes of 
silver of glass coated with paraffin vein lined 
vitallium tubes and mote recently various 
plastic materials Some of the plastic materials 
employed experimentally seem to function 
well for relatively long periods in the aorta 
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In smiller vessels they have not been al all 
satisfactory [lOJ Hufnagel has implanted 
highly polished methyl racthacrylic tubes in 
the dog s aorta These have remained function 
mg for periods over a year He has also dc 
veloped a technic for implanting a graft seg 
ment m the aorta that avoids the effects of 
prolonged vessel occlusion ordinarily required 
for such an irtcnal anastomosis [42] TTiis is 
accomplished by placing within the graft a 
polished plastic tube that serves as a temporary 
bridge for blood flow during the suture pro 
cedure This tube is held in place by ligatures 
at cither end after it is inserted m the open 
ends of the divided aorta The graft segment 
is sutured m place completely at one end and 
only partiall) around the posterior aspect at 
the other Sutures are placed anterior at this 
end but not tied The plastic tube is then 
released slid upward and then down and out 
through the half closed distal anastomosis 
The anastomosis is then closed by rapid lying 
of the stitches and blood flow is shortly rc 
sumed 

The use of inert substances as permanent 
prostheses now seems practical m the aorta 
and large vessels Grafts made of vignon 
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nylon and other plastic textiles can be tailor 
made to size m the operating room Patterns 
arc made by the surgeon and arc given to a 
nurse, who can quickly make a simple tube or 
Y shaped cloth graft using a houscwifes 
sewing machine These grafts bleed” when 
first put in place but clot soon closes tbeir 
pores Endothclialization later occurs b) the 
adaptation of fibroblasts to this function Tex 
tile grafts seem to be the answer to replace 
rocnl therapy because of Ihcir avaiUbiUlj and 
the fact that accurate sizes can be made for 
the vessels involved Present evidence seems 
to indicate that for large vessels they function 
as well as homografts and perhaps are supe 
nor The question of how well they will 
function in small arteries is not yet answered 
It IS quite possible that textiles as grafts may 
be successful over long periods of lime in the 
femoral popliteal and carotid arteries Auto- 
genous vein grafts however are perhaps the 
belter choice at present In the next few jears 
a widur application of some of the new 
technics developing now m the surgical re 
search laboratories will answer some of these 
problems m the use of prostheses as vessel 
grafts 
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All the natural sciences must follov, care 
fully m the footsteps of arithmetic Radio 
therapy as a science requiring as it does the 
viewpoint of the natural philosopher the 
three dimensional shape building of the ge 
ometer and the incessant number keeping of 
the arithmetician must effect the alliance of 
the radiologist and the ph}sicist 
The physicists have set up teaching pro 
grams especially during the last ten years 
to help the medical doctor gam a compre 
hension of yet another science and technic 
that of radiologic physics Since the last edi 
tion of this volume many physics texts have 
appeared that give a simple and complete 
understanding of the theory and principles of 
the physics of radiation therapy They in 
dude data for many of the dosage calcuh 
lions with X ray and radioactive materials To 
repeat all that here would be almost as re 
dundant as to include a chapter on anatomy 
The following will recount the scope of the 
field m general and summarize the use of 
physical principles instruments gadgets and 
methods in most of the practical everyday use 
of X ray and radioactive materials for treat 
ment Mention will be made of some of the 
other recent or possible future sources of 
radiation and references given to some of the 
texts from which in turn previous publica 
tions may be found 

Nature of Radiation 

The term radiation has come to include 
two somewhat different concepts Under var 
lous stimuli atoms may breik down with the 
violent ejection of electrons neutrons or 


positive particles Charged particles may also 
be set in rapid motion in a vacuum under the 
action of electric and/or magnetic fields 

Besides this particle type of radiation there 
IS that known under the general heading of 
electromagnetic waves X rays and gamma 
rays together with visible light heat and 
radio waves are all part of the electromag 
nctic spectrum That is to say they are all 
manifestations of a propagation of energy 
that may be described as a wave motion They 
all travel m vacuum with the same speed but 
their wavelengths and frequencies differ enor 
mously 

Some of the phenomena of this electro 
magnetic spectrum cannot be described by 
the wave theory Then the radiation must be 
considered as particles or small bundles of 
energy called photons each of which has its 
quantum of energy 

Passage of Radiation Through Matter 

A beta particle or electron impinging on 
matter may traverse the interatomic spaces 
for some distance before interacting with a 
nucleus or much more frequently another 
electron It may lose its entire energy or only 
a part and be more or less widely deflected 
from Its original direction After these cn 
counters it may even be traveling in the 
opposite direction It will eventually be slowed 
down to the point where it can no longer 
remove an orbital electron or cause loniza 
tion For each type and each energy of high 
velocity particle there is a certain thickness 
called the range of any material that will just 
stop all the particles 
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Photons of X or gamma radiation may be 
imagined as behaving m a manner similar to 
beta partielcs Some will go through the inter 
stices between atoms and emerge unaffected 
on the other side of a thickness of matter But 
most of them will sooner or later interact with 
an electron or, very rarely, with a nucleus 
When a photon interacts with an electron, the 
entire energy of the photon may be transferred 
to the atom the former ceasing to exist In this 
ease an electron will be ejected from its atom 
with a high velocity and is termed a photo 
electron The remaining atom will emit a 
fluorescent or characteristic x ray 

On the other hand the original photon may 
give up a small part of its energy (o an 
electron and be itself deflected, then it is called 
scattered radiation The electron is known as 
a recoil or Compton electron The photon 
which now has less energy and a longer wave 
length will continue undergoing other col- 
lisions until It finally is used up, or complclclv 
absorbed At energies above one mev the 
photon may produce a positron cleclton pair 
and be itself absorbed m the process The 
fraction of the incident radiation entering into 
these phenomena depends on the energy of 
the X rays or gamma rays and on the elements 
irradiated 

Ionization 

When an atom has lost an orbital electron 
It IS m an abnormal state electrically that is 
It has a net positive charge In this state it is 
said to be ionized or to be a positive ion 
The removed electron or any molecular ag 
gregate to which it may attach itself is the 
negative ion A direct action of radiation on 
matter is to ionize some of its atoms Alpha 
particles being relatively large and heavy are 
powerful ionizers as they tear their way 
through substances Beta particles are also 
efflciervl ionizers The actual number of ions 
produced by encounters with photons is 
relatively small but the photoelectrons and 
recoil electrons which they produce arc the 
same type of ionizers as are the beta rays 
The distribution of ions within irradiated 
matter depends to a considerable extent on 
the type of radiation impinging on it For any 
particular atom the state of ionization does 
not last more than a small fraction of a 


second it attracts a negative ion, charges (or 
electrons) arc interchanged and each returns 
to Its neutral condition this phenomenon 
being known as recombination However 
during the time thit the atom is ionized it is 
capable of entering into various chemical 
reactions if other conditions arc appropriate 
The roentgen is defined on the basis of loniza 
tion m air but the ionization produced by 1 r 
in some substances such as a gram of bone 
may be much greater for some qualities than 
(hat produced in a gram of muscle 

THERAPEUTIC APPLICATIONS 
The purpose of radiation therapy is to 
produce some change in cell structure or 
activity — in the extreme ease to kill it It is 
gener illy conceded that this is brought about 
by an effect on the cells themselves and 
on the tissue immediately surrounding them 
Such an effect must be due to ionization pro- 
duced m and near the cell components by the 
action of the rays It has been shown that the 
degree of ionization produced is directly pro 
poriional to the amount of radiation delivered 
that IS the energy absorbed for a given sub- 
stance and quality of radiation Up to a 
certain region the greater the ionization the 
greater the biologic clTect 

In order to specify the energy absorbed 
and because of difficulty m measuring the dose 
according to the definition of the r at very 
short wavelengths the unit of the rad is much 
more useful where 1 rid equals 100 ergs per 
gram To utilize radiation therapy to the best 
advantage it is essential to find out how much 
radiation may be expected to produce a given 
effect and then to devise means for delivering 
this quantity to the tissues in question and at 
the same time for protecting other structures 
It is usually true that different points in an 
irradiated mass do not receive the same 
amount of radiation this is inevitable when 
interstitial sources are used If regression o 
the tumor depends on every point within it 
receiving at least a certain minimum quantity 
then it IS necessary to know the least dose 
delivered to any part of the mass This mint 
mum dose should be taken into considera 
tion in any discussion of radiation therapy 
IS of interest to know the amount of radiation 
leaving a radioactive source because other 
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thmgs being equal the strength of the source 
determines the time of treatment It is im 
portant to know the amount falling on the 
skm since in many cases skin tolerance limits 
the amount of radiation that can be admin 
istered through any one field Neither of these 
is however of much value without the knowl 
edge of the amount actually reaching the cells 
to be affected 

Two general methods are used for the ad 
ministration of radiation the external and the 
internal The first comprises all cases m which 
the source of radiation is outside the body 
Such are practically all x ray treatments and 
the application of radium or artificially pro 
duced radioactive isotopes by means of tele 
curie units packs plaques or moulages In 
the second the source of radiation is buried 
directly in the tissue to be treated or inserted 
in the body cavities 

The two obvious differences between these 
methods are (1) In external irradiation only 
a small part of the available energy actually 
reaches the tissues Radiation is given off m 
all directions but most of u is m the case of 
X rays or telecurie sources shut off by dia 
phragms so that it never reaches the bod> 
and m the case of surface radioactivity simply 
allowed to pass off into the surrounding air 
In interstitial irradiation all the energy from 
the source reaches the tissues (2) In external 
irradiation even the useful beam must in 
general pass through skm and normal struc 
tures before it reaches the tumor volume The 
amount that may be administered is limited by 
skm tolerance and this amount is in turn 
diminished by absorption m the first tissue 
that it traverses 

It IS evident that if interstitial irradiation 
could be administered simply and uniformly 
It would be the method of choice Unfor 
tunately, it is often impracticable and re 
liance must be placed on the external method 

This brief summary of some of the phe 
nomena of radiation has not repeated all the 
subject matter which can readily be found in 
the references cited Definitions of basic terms 
descriptions of generators tubes radioacliv 
ity measurements of quantity and quality 
dosage in x ray and radioactivity and pro 
tection data are amply treated m these texts 
and already well known to radiologists 
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However an outline of the practical appli 
cation of some physics and engineering 
technics instruments and calculations to the 
actual use of x ray radium and radio isotopes 
in daily practice should be of interest 

X RAY 
Application 
BEAM DIRECTION 

To affect the tumor the radiation must 
reach it and the whole tumor bearing volume 
The disease must first be located To aid the 
clinician there are ordinary radiographs 
those with an external marking system or 
those taken with the treatment machine setup 
Itself Casts or shells of various plastics or 
plaster of Pans especially for the head and 
neck and the chest carry marks for the place 
ment of the entrance and sometimes for the 
exit beams and aid the accuracy of day to day 
setup 

The various field sizes may be obtained by 
cones or movable shutter diaphragms some 
with light beam indicators Several ingenious 
devices such as the pm and arc protractor 
and the axial beam director fix the angle of 
the beam with respect to the body while the 
back pointer gives the position and direction 
of the emergent ray as well 

Trunk and head bridges or jigs allow the 
building up of the given part of the body 
into a known fixed shape by means of powder 
or water phantom material and aid the plac 
ing of the ports on this built up outline These 
bolus or bagging materials have nearly the 
same density and atomic number as tissue and 
are used to bring uneven body surfaces to 
geometric shapes so that the scatter may be 
brought to a known amount or the usual 
isodose curves used In the case of tangential 
or glancing fields as in breast treatment this 
IS especially necessary as the distribution of 
dose throughout the whole volume would be 
most uneven if not unknown 

SPECIAL TECHNICS 

Included here are somewhat unusual meth 
ods of applying the x rays that may be ap 
plicable to a number of different parts of the 
body Rotation therapy may be either dis 
continuous which is an extension of the cross 
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firing tcchnic to as many separate fields as 
possible or continuous, m which ease the 
patient (or tube) can be pivoted during treat 
ment about the tumor as the center of rota 
tion The beam remains aimed at the tumor 
during the entire exposure and since the pa 
tient IS turning the skin dose is spread out 
over the whole circumference 

Grids, usuall) sheets of lead rubber with a 
checkerboard array of spacings have come 
into prominence lately as a means for tncrcas 
mg the tolerance of the skin by protecting 
alternate islands of it with the result that 
larger tumor doses can be given 
Contiguous fields at nearly right angte^^ 
could often be used in parts of the body of 
small curvature such as head and neck 
axilla etc , except for the high dosage regions 
of the overlapping beams at the adjoining 
edges Wedge filters used near the surface, arc 
designed to cut down any hot spots" and 
produce a more even distribution throughout 
the tumor 

Shielding of particular structures or surgical 
incisions is simple enough throughout the 
high voltage range if u is remembered that 
any lead must be covered with a material of 
low atomic number to absorb the soft sec 
ondary radiation Eye shields for instance 
may be wax dipped In the supervoUage range 
the necessary thickness of lead would make it 
too heavy and too bulky to place, directly on 
the patient Here a combination of a holder 
at a distance plus a light beam to locate the 
shadow of the lead over the part to be pro- 
tected will be sufficient m most cases 

HIGHER ENERGY RADIATION 
EQUIPMENT 

In recent years 2 mv x ray machines, of the 
resonance transformer and of the electro 
static generator type have come into use 
Since the development of radar technics 
powerful ultra high frequency oscillators have 
been used to accelerate electrons along a lube 
in the linear accelerator Some 4 mev units 
are being used for x ray therapy at present 
The betatron uses an alternating magnetic 
field to accelerate electrons m a circular orbit 
and may be used to produce electron or x rav 
beams to perhaps 50 mev with reasonable 
therapeutic intensity A practical working 
model in this country operates at about 22 
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mev The medical use of the betatron is 
described in another chapter 

The synchrotron has an accelerating de 
Vice energized by a radio frequency field as 
part of its circular path These two devices 
ire perhaps the best methods for obtaining 
electron energies of from 20 mev up to about 
100 mev X ray intensities useful m medical 
work arc available and the machines are fairlv 
compact and reliable 

In the cyclotron, relatively heavy positively 
charged particles are accelerated by an elec 
trical field while being kept in a spiral path by 
a magnetic field Protons and alpha particles 
of nearly 400 mev and dcutcrons of nearly 
200 mev can be obtained by different types 
of cyclotrons A mam use of the cyclotron 
has been the production of radioactive iso- 
topes 

Neutron beams have been used m therapy 
to some extent and can be produced in an 
atomic pile or by using as target m the cyclo- 
tron a material the disintegration of which 
yields neutrons 

Higher energy accelerators such as the 
synchrocyclotron, proton synchrotron beva 
Iron, or cosmotron arc m use at hundreds of 
mev and even designed for billions of electron 
volts for research purposes at present 

Dosage Measurements 
INSTRUMENTS 

The thimble ionization chamber, so called 
because of its usual size and shape is the 
mam part of most measuring devices To rea 
in roentgens they must of course be calibrate 
against a standard chamber and one of the 
important considerations of my chamber is 
Its constancy of factor with changing qua ity 
of radiation 

Dosage rate or r per unit time circuits may 
be electronic units employing amplification or 
null systems in which a known current can e 
produced to balance that from the lomzni'®® 
chamber 

Integrating circuits give total roentgens ove 
a given time Some of these are used svi 
monitor chambers that may not read roen 
gens but show the constancy of output o 
the tube j / m 

The thimble chamber itself separated iroro 
an y circuit may be used as a condenser 
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which case its loss of charge as measured by 
an accompanying electrometer can be call 
brated This again is an integrating device 
For use in routine calibration of x ray 
machines any of the above instruments should 
be portable and as small as possible To deter 
mine the dose distribution where there are 
abrupt changes such as at the edges of fields 
the ionization chambers should be small Jn 
such regions the output is also low and so 
more sensitive circuits are needed Crystals 
that emit visible scintillations when irradiated 
are very sensitive but their use especially at 
the lower voltages must be guided by their 
quality dependence In investigative work the 
above circuits are usually laboratory built and 
thus about as numerous as the number of 
institutions enjoying physics departments 

MATERIALS AND METHODS 
To determine dosage distribution for the 
different qualities field sizes and shapes dis 
tances thicknesses of bod} cone or dia 
phragm arrangements angles of incidence to 
the surface etc , the above instruments are 
used with a phantom material of the same 
density and atomic number as tissue Water 
IS useful especially since the chamber can 
move continuously through it Pressdwood or 
wax usable for the higher voltages can be 
cut to the size and shape of the part of the 
body being studied and spaces can be cut out 
for the insertion of the ionization chamber 
Much more information would be ohlamcd 
by knotting the location of the surfaces of a 
given percentage depth dose value throughout 
the volume of each field than by having the 
center line depth doses only However three 
dimensional setups ire difficult to work with 
and so the isodoses are usually plotted for two 
perpendicular planes each including the cen 
traf axis of the x ray beam 

Some automatic plotting devices have been 
designed in which the measuring chamber 
follows a given dosage value and the resultant 
isodose line is simultaneously plotted by a pen 
that follows the movements of the chamber 
Over a few million volts where there js 
little change of emulsion blackening with 
quality films can be used to map the radiation 
They arc usually sandwiched between slabs of 
Pressdwood and placed so that their plane 
includes the axis of the beam 
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Dosage Calculations 
Before treatment starts the physical setup 
IS planned on the basis of the position and 
extent of the region that is to receive a given 
dose Every problem is of course three 
dimensional 

A nearly transverse section through the 
tumor center is usually taken using a flexible 
lead strip or other means This is drawn on 
transparent film and if this plane is also that of 
the central planes of the x ray ports the iso 
doses can be superimposed on the film and the 
resultant distribution mapped in A more com 
plicated arrangement is that m which the 
various ports are not coplanar Here a mockup 
cast of a section of the body can be made a 
tumor region placed in it a plane through the 
latter selected and the external location and 
angle of possible ports to this added Then 
contour plotters or contour projectors will 
give the dosage distribution at an angle to the 
central axis of the x ray beam Other instru 
ments simulate the position of the x ray ma 
chine with respect to the patient but instead 
of the port itself carry its corresponding 
isodose chart and the roentgens can be found 
at any point on or beneath the skin surface 
An important parameter in judging the 
total effect on the patient is the volume or 
integral dose This can be obtained by multi 
plying the roentgens per gram by the number 
of grams and summing up for the whole 
volume of tissue irradiated Formulas and 
tables must be available for the different 
conditions of treatment 

If the field is an odd shape the usual iso 
doses for rectangle circles etc will not hold 
There is a method m the literature for cal 
culating odd shapes by dividing the field into 
small sections and adding the contributions 
of each Available isodose and center line 
depth dose charts can be found in the accom 
panying references and many data can be ob 
lamed from the Hospital Physicists Associa 
tion of England 

RADIOACTIVE ELEMENTS 
Application 

This section includes the use of radium 
radon and some radioisotopes whose suita 
bility depends on their t}pe of radiation 
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energy, hilf life and any biologic effect 
Many of the radioisotopes made by neutron 
bombardment in the chain reacting pile or as 
a result of the fission reaction of uranium or 
produced in the cyclotron have been found 


treating surface tumors It is also possible to 
make up an odd shaped surface area of inert 
material and then activate it which eliminates 
the protection problem during assembly 
For surface treatment with beta radiation 


TABLE 13 1 — ENraoits or Gsmma ano Beta Rays and llAtr Livrs 
or Certain Fli ments 


riemcnl 

number 

^te\ Fnerfu 

Uela 

Catnma maximum 

Half 

Uh 

/ 

Bromine 

82 

0 55-1 3 

0 2-0 45 

34 hfs 

15 5 

Cesium 

137 

0 66 

05 12 

33 yrs 

34 

Cobalt 

60 

12 13 

031 

5 3 yrs 

135 

Gold 

198 

041 

0 96 

2 7 days 

24 

Iodine 

131 

0 80 0 37 

06 

8 days 

23 

Indium 

192 

AV 0 40 

0 59 

74 4 days 

27 

Sodium 

24 

14 28 

I 4 

14 9 hrs 

19 

Tantilum 

182 

1112 

05 

117 days 

61 

Phosphorus 

32 


1 7 

14 3 days 


Stroniium 

90 


05 22 

21 6 yrs 


ttrium 







useful as radiotherapeutic agents These usable 
elements are mainly beta or gamma plus 
beta emitters of various energies and half 
lives They arc not only substitutes for ra 
dium and radon but some are preferable 
owing to the biologic problems encountered 
and others are an improvement owing to case 
of handling or protection considerations Table 
13 1 lists the energies of the gamma and beta 
rays and the half lives of some of the elc 
merits that will be discussed below If it is 
desired to utilize the gamma rays only, suf 
ficient filter must be employed to absorb the 
beta 

EXTERNAL 

For the treatment of a superficial lesion, a 
plastic or dental compound mold or thin 
plaster of Pans cast may have radioactive 
tubes needles or seeds m its surface or 
some flexible material such as felt with an 
adhesive surface may hold the sources over 
the area to be treated Radium radon or 
radioactive cobalt alloy tubes gold tantalum 
or indium rods or wires are all usable Sand 
wich molds will crossfire such sites as the 
lip or outer ear Plaques are small containers 
of vanous shapes and sizes that hold tubes for 


the radon glass bulb about 4 mm in diameter 
IS thm enough to allow the passage of the beta 
nys and has been used for many years Ra 
dium D plus E applicators utilize the betas 
from the radium E and decay with the twenty 
two year half life of the radium D Phos 
phorus can be incorporated in small plastic 
plaques and then irradiated m the pile 
fission product strontium with its daughter 
yttrium is obtainable bonded in a metal foil 
and maLes a more permanent plaque than the 
short lived phosphorus 

Telecune therapy units formerly contain 
ing ndium but lately employing cobalt utilize 
the gamma rays and are set up m much the 
same manner as in x ray machine A larp 
protection head of lead or tungsten bouses t e 
source at target-sVin distances equivalent to 
those in x ray therapy Another possibility, 
because of its relatively high energy and long 
half life IS cesium if it can be concentrate 
mto a small enough volume 

INTRACAVITARY 

These sources are usually Imear such as 
tubes in tandem m vanous holders or apph 
cators some of which may employ partia 
shielding The tubes are usually radium or 
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radon but may also be obtained m the form 
of cobalt With n suitable filter such as stainless 
steel Small area distributions as m a vaginal 
wall applicator may be used m some eases 
Concerning cancer of the cervix an equation 
can be set up m which the variety of appli 
cators for treatment equals the number of 
departments using radioactive materials for 
this purpose Most systems such as the 
Stockholm Pans Manchester and their van 
ations trv to space the separate tubes to give 
an adequate dose two or more centimeters 
lateral to the cervical canal or to the para 
cervical triangle Methods of insertion also 
vary flexibility of placement vying with 
maintenance of positioning 

Solutions of sodium bromine or cobalt in 
rubber bags will treat the surface of the blad 
dcr fairly uniformly Or colloidal gold may be 
used with no container and would envelop 
and treat from all sides any parts of the tumor 
projecting from the bladder wall 

Colloidal gold has been effectively injected 
into the pleural cavity to treat effusion nnd 
into the abdomen for ascites Chromic phos 
phate has also been of aid for pleural effusion 

interstitial 

Radium or cobalt needles or tantalum wire 
from one to several centimeters long may be 
put throughout the tumor mass itself Small 
gold cobalt titanium or indium sources m 
flexible nylon ribbon can be sewed through 
the tissue All the above are withdrawn after 
the specified dose is delivered 

For permanent implants radioactive gold 
grams covered with stable gold or platinum 
may be used instead of the usual radon seeds 
Special injector guns have been devised to 
inject several of the grams without with 
drawal although some prefer the multiple 
trochar needle porcupine method that gives 
a picture of the implant as a whole The 
2 7 day half life of the gold compares with 
that of 3 8 days for the radon 

Colloidal gold is apparently nontoxic and 
remains fairly well localized within the tissues 
in which It has been injected such as the 
prostate or m the parametrium for carcinoma 
of the cervix 

The selective physiologic uptake of iodine 
by functioning thyroid tissue results m the 
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interstitial deposition of radioactive lodmc 
within some carcinomas of the thyroid and 
their metastasis The radioactive material in 
these cases can be given orally 

Whole body radiation might perhaps be 
considered under the interstitial heading as 
in the intravenous injection of radiophospho 
rous for polycythemia vera 

Dosage Measurements 
INSTRUMENTS 

The question of proper measurement of 
dosage due to radioactive elements is much 
more difficult than the corresponding one for 
roentgen rays There are only small amounts 
of the radioactive material used for most 
cases and the distances from the sources 
at which the dose is wanted are m general so 
small that the size of the ionization chamber 
makes a large dificrence 
For most work the ionization chambers 
must be imy and the measuring circuit very 
sensitive Otherwise the instruments are simi 
lar to those used for x ray work and again 
may be of the roentgen per minute or total 
roentgen type 

The extrapolation chamber is particularly 
applicable for the measurement of beta ray 
plaques and for the depth doses m the first 
few millimeters of tissue for which other 
chambers are too large 
Films can be used at the higher gamma 
energies because of the lack of appreciible 
quality effect 

Small ionization chambers or scintillation 
crystals at the end of long small diameter 
probes measure the rectal and bladder dose 
when cervix applicators are being used This 
IS usually done at the time of insertion so 
that if there is any danger of overdosage to 
the rectal wall for instance the parts of the 
applicator could be rearranged 
An automatic isodosimeter has been built 
that employs a small scintillation crystal and 
amplifier and will trace on a sheet of paper 
the lines of equal dosage rate around a given 
configuration of radioactive material Specially 
designed molds can be checked before use 
or reconstructions of some interstitial im 
plants can be made in lime to alter them if 
necessary before treatment ends 
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External scanning is often earned out on 
patients who have had isotopes such as gold 
or iodine intcrnall) administered A scintiscan 
ncr emplo}s a collimated crjslal detector and 
moves automatically across the surface of 
the patients body while simultaneously mirk 
mg on a chart the points of greatest radiation 
In this way a picture is drawn of the dis 
tnbution of radiation within the body 

Dosage Calculations 

Most gamma ray dosage calculations arc 
based on the value of the roentgen per mil 
Iicune hour at 1 cm from a point source 
called the I-,, Owing to the different spectra 
and energies of the isotopes, these values arc 
different That for radium or radon is 8 4 r 
per mg or mchr at 1 cm whereas the value 
for gold is 2 4 If the geometry of the radio 
active distribution is known, the problem of 
dosage usually yields to the ordinary calculus 

EXTERNAL 

Teleradioactive units utilize isodosc curves 
in the same manner as x ray beams at 
though the penumbra is liable to be larger 
owing to the greater size of the source as 
compared to the focal spot of an x rav tube 

Isodoses under an applicator with a flat or 
curved area depend on the distribution of the 
radioactive maternl The center line doses for 
various sizes shapes and distances from 
radium configurations are given bv Quimby 
and by Paterson and Parker withm the ref 
erences for this chapter 

For distances greater than a half centimeter 
these same tables can be used for other 
gamma isotopes if the number of milligram 
hours per 1 000 r is multiplied bv the ratio 
of the radium ly to the radioisotope For 
instance if cobalt were being used instead 
of radium the milligram hours would be 
decreased to 8 4/13 5 or 0 62 to give the 
number of roentgens as specified for radium 
Further corrections would have to be made 
for absorption if the filters were different 

INTRACAVITARY 

V^hen the arrangement is linear one or 
more tubes in tandem the dose is readily 
found from charts prepared by the above 
authors If the element is not radium the 


correction can again be made 

If the arrangement is a fixed one, isodoses 
can be plotted before treatment If the sources 
arc mov-ible with respect to each other such 
*15 m many cervix treatments radiographs are 
tiken from which a three dimensional re 
construction of the implant can be made or 
the correct calculations applied to obtain the 
dose at specified points 

For a solution m a body cavity such as th^* 
bladder both the gamma and the beta ray 
dose to the wall have to be considered For 
given geometric shapes such as a sphere 
formulas arc given m the textbook references 
of this chapter which will allow the calculation 
of these doses m roentgens or rads 

INTERSTITIAL 

If the seeds or nccdlts are distributed 
throughout a tumor mass according to the 
rules of Paterson and Parker or of Quimby 
their charts and tables are then followed for 
the assessment of dose As has been pointed 
out m the recent literature if the element » 
not radium the correction alone would not 
be true very close to the source when the 
filters were different If one filter were 
thicker the dose close to it would be relatively 
lower as the obliquity of filtration would be 
greater 

For permanent implants the different halt 
lives have to be considered If all the factors 
arc the same except for the 1^ and the half 
life then the number of millicunes of the 
isotope to give the same number of roentgens 
as the radon would be obtained by multiply 
ing the necessary milhcunes of radon by ap 
proximately 3 8/Half Life of Isotope x 8 4/If 
of Isotope 

The above is an illustration of one of the 
more simple equations to adapt existing tables 
for radium to the radio elements If the over 
all treatment time is very different with an 
other isotope then even though the same dose 
m roentgens is given as with radon a different 
biologic effect would be expected 

If the isotope is distributed throughout a 
tumor mass then there is no filter and the beta 
radiation is present If the size of the mass is 
greater than the beta particle range the ca 
culation IS straightforward in that the 
absorbed is equal to the energy emitted ® 
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efTectne half hfe which is a combination of 
the phjsical half life and the rate of biologic 
elimination from the mass must be used If 
the shape is one for which the calculus has a 
read) formula then the gamma ras dose is ob 
tamable from published tables For shapes that 
are prevalent biologically but odd to the 
mathematician each problem must be sohcd 
b) him separately 

A radiographic check of an opaque implant 
IS excellent to determine if there are any hot 
spots resulting from the grouping of the 
sources or if the distnhution differs too widely 
from the attempted one There are several 
radiographic methods of computing the dose 
m the latter case 
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The extent of that part of radiologic phvstcs 
applied to radiation therapy has been increas 
ing greath m the last decade especially with 
the advent of higher and higher voltage x rav 
equipment the increasing use of radioactive 
isotopes and the problems of protection of 
personnel and patient associated with each of 
these Adequate information to gam any 
working skill in the subject would require at 
least a whole book and such texts are already 
available The present chapter therefore has 
attempted to outline the field as applied to 
therapv alone and to summarize a general 
dcscnption of the physics mathematics and 
engineering gadgetry necessary in the physical 
basis of radiation therapv 



CHAPTER 14 


The Radiosensitivity of Tumors 


George K H/ggins 


INTRODUCTION 

Tlte cfTccts of the different lonizmg radia 
lions used m the treatment of tumors differ 
qinntitativcl) rather than qualitative!), and 
the actual fundamental tissue responses to 
each arc similar (Some qualitative differences 
have been suggested m protozoas but do not 
appear significant for this study) (231 

In order for radiations to be effective the 
energy must actually be absorbed by the 
tissues and not merely pass through them 
(Orotthus Draper Law) This absorption re 
suits m the ionization of the molecules of the 
tissue cells or surrounding medium and 
initiates a chain of chemical reactions not )cl 
identified During the earlier reactions m this 
senes of chemical changes no evident biolocic 
effects can be determined This so called latent 
period may extend from minutes to years 

The functional changes that occur after the 
latent period are many and varied They may 
result m mutation of a gene the breaking 
of a chromosome increased permeability of a 
membrane inhibition or destruction of a 
neoplasm death of an animal or any one of 
many radiobiological phenomena [30J 


morphologic effects of 

IRRADIATION UPON 
CELLS AND STROMA 


Differences in Response Between 
Cancer Cells and Normal Cells 

It IS well substantiated that durmo ra, 
growth the ceU becomes more predisposed 
injury by the radiant energy thii cells at re 
It seems that damage to the enzyme systei 
and ehromatm structures play the import! 
rt> es Unfortunately the el, meal resp4se 
a tumor subjected to ionizing radiations ct 


not be predicted by the activity of these 
biologic processes [12] 

Undifferentiated tumor cells arc the most 
radioscnsiiivc probably because of a greater 
metabolic activil) Cells m the active stages 
of mitosis, cspcciall) during the prophase are 
five to ten times as susceptible to ionizing 
radiations as comparable cells in the resting 
state, partly because of their increased meta 
bolic activity and partly because of the greater 
surface area of chromatin exposed to the 
injurious rajs Furthermore, those cells of a 
specific tumor type having the most hyper 
chromatic nuclei absorb the most and are 
the most susceptible to ionizing radiations 

Morphologic Cellular Changes 
Resulting from Irradiation 
There is no single morphologic change pe 
cuhar to irradiation There is an increase m 
the size of the cell partially from absorption 
of water 13) Sometimes as is seen prominently 
m Vaginal smears some irradiated cells as 
sume massive proportions owing to an actual 
increase in the amount of protoplasm If 
damage is severe these changes are follow e 
by the development of vacuoles [21] (hydropic 
degeneration), or the accumulation of fa 
droplets m the cytoplasm (fatty degenera 
tion) Still greater damage results m the dea 
of the cell with the formation of coagulal'^” 
necrosis and finally in dissolution of the ce 
(liquefaction necrosis) 

EFFECTS OF IRRADIATION UPON THE 
CYTOPLASMIC STRUCTURES 
The Golgi apparatus of carcinoma cells ob 
tamed from rats when exposed to lomzmg 
radiations changes the original netlike ar 
rangement to an indefinite mass then to is 
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Irradiation 


Crete simll masses that finally rearrange them 
selves to form the netlike structures again — 
the entire process occupying about 18 hours 
from the time of irradiation 19] Changes m 
the mitochondria likewise oecur rapidly after 
irradiation and appear to return to normal 
after a period of hours or days [28] The 
number of centnoks increases up to 72 hours 
after exposure but then slowly decreases 
again It could not be determined whether this 
alteration resulted from fragmentation of the 
centrioles or from inhibition of cytoplasmic 
division without a Similar inhibition of the 
centnolcs [10] 

EFFECTS OF IRRADIATION UPON THE 
NUCLEUS 

The nucleus is more prone to injury than 
the cytoplasm because it absorbs more radiant 
energy — a property retained by even the 
simpler compounds of nucleic acid Also m 
contrast to cytoplasmic reaction to injury, 
evident morphologic alterations within the 
nucleus do not occur until severe functional 
damage has been sustained Therefore the 
elTects of small and moderate exposures are 
evident not by alterations of chromatin etc 
but chiefly by an inhibition of mitosis With 
less damage cell division is soon rc*cstab 
lished More efTective doses prolong the 
period of inhibition and some cells both 
tumor and normal may live for months or 
years without the power to reproduce The 
part of the reproductive mechanism injured is 
not known 

Even after considerable irradiation certain 
cells retain or recover the power to repro 
duce often m an altered form In some in 
stances this results in the death of the cell 
especially at the time of mitosis or in the 
progeny after division Other daughter cells 
assume bizarre forms or develop into giant 
cells 

Greater damage to the irradiated cell may 
result m the production of intranuclear [17 
26] as well as intracytoplasmic vacuoles and 
irregularities of the chromatin When the tol 
erance of the nucleus is approached it be 
comes shrunken and often peculiar appearing 
With death of the cell the usual changes of 
coagulation necrosis are followed by pyknosis 
kaiyorrhexis and karyolysis and eventuallv 
complete liquefaction 


MATURATION FOLLOWING 
RADIATION TREATMENT 

Under the influence of irradiation — prob- 
ably from the destruction of the less difTeren 
tiaicd tumor cells rather than any intnnsic 
change— tumor cells undergo changes that 
suggest maturation This is most evident in 
squamous-ccll carcinomas by the addition of 
pnckic-ccll formation and comification and in 
basal cell carcinomas by comparable changes 
Some basal cell carcinomas also appear to form 
glands [1] There is less evidence ^at glandular 
carcinomas form glands (mucus production 
may follow any irntanl) and probably none 
that sarcomas mature to form collagen bone 
etc , under such influence 

SPINDLING 

Elongation or spindling of cells such as is 
evident m certain squamous cell and glan 
dular carcinomas decreases their response to 
irradiation probably from a decreased espos 
able area Since other tumors with similarly 
shaped cells such as fibrosarcoma leiomyo- 
sarcoma, and malignant neurilemmoma are 
fclatiscly resistant to irradiation the form of 
the cell may be a significant factor 

RADIORESISTANCE 

Radiorcsistance develops in part from the 
destruction of the more radiosensitive cells 
and the persistence and regeneration of the 
more resistant ones A later return to a radio- 
sensitive state IS due to a new generation o 
cells that arc again radiosensitive The radio- 
resistance that most tumors ultimately develop 
may be due m part to the great predominance 
of those radioresistant cells but much of i 
IS the result of decreased blood supply an 
increased fibrosis 

Effects of Irradiation upon the 
Supporting Tissues 

it IS probable that much destruction of tumor 
cells IS accomplished by the body 
following irradiation as well as by the e a 
effects of ionizing radiations directly upon 
tumor cells Examples of this consist o ^ 
greater exposures (sometimes ten to fi 
times) necessary to destroy cancer ce s i 
Vitro as compared with those necessary 
destroy similar cells in vivo and the 
ence of viable malignant tumor cells mon 
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Fig 143 Atypical mito<«i fallowing irrodiatian 
Death of ctllt daring tnitatii and in ih« daughter celit 
■I evident 



Fg 14 5 Atypicol m tores follow ng Irrod ation 
“ gh power magniricatien of photomicrograph shown in 
Figure 14-3 demonstrating biiorre forms of mitotic 



Fig 14>4 Atypical mitoses following irradiation 
High power mognif cation of photomicregroph shewn in 
figure 14 3 



Fig 14-d Atyp cal mitoses followi g irradiation 
H gh power magnification of photomicrograph shown in 
Fgure 14 3 demonstrating atypical mitoses in o dying 
cell 
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after ccss^llon of radiation therapy m tumors 
that cventuall) become sterile [13] 

Neoplasms with damaged stroma respond 
poorly to irradiation Likewise a tumor bed 


THE NATURE OF TISSUE REAaiON 
TO IRRADIATION 

The inflammatory reaction induced by ion 
izing radiations differs in no fundamental 
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of cartilage or bone is not conducive lo satis 
factory results from radiation therapy How 
ever a tumor bed of highly vascularized 
healthy connective tissue or a thick layer of 
striated muscle usually shows the greatest 
therapeutic response 


lanner from that produced by - es 

gents The process tends to be s 
ecially if smaller doses of irra 
dmimstered It usually takes som Y 
he clmical appearance of ^ ‘ ^ to the 
ir more erythema doses are delivereo 
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area with the maximum intensity developing 
still later Dilation of the vessels occurs An 
abundant serous exudate causes a widening 
of tissue spaces and a subsequent deposition 
of fibrm occurs It has been shown by Saphir 
[20] in pulmonary metastases that fibrin sur 
rounds the tumor cells preventing their 
growth eventually causing their atrophy and 
finally their complete destruction, it appears 
probable that the fibrm formed during the 
inflammatory reaction of irradiation acts 
similarly 

The margmation and emigration of the 
neutrophils occur simultaneously with the 
formation of the serous exudate but usually 
mononucleated cells are more prominent until 
there are definite areas of necrosis With the 
repair come eventual fibrosis and decreased 
vascularit) chiefly the result of the irradiation 
of the connective tissue and vessels compns 
ing the tumor bed 

EFFEaS OF IRRADIATION UPON 
CONNECTIVE TISSUE 

Collagen is more sensitive to irradiation 
than resting fibrocytes but less so than the 
active fibroblasts The response of collagenous 
fibers to small exposures of irradiation is rc 
vealed by thickening and by decreased stain 
•ng properties About 1300 to 1500 r produce 
definite changes including necrosis Larger 
doses produce still more injury indicated by 
fibrillation segmentation loss of fiber out 
lines and a failure to stain by the usual 
methods [27] Eventually there is liquefaction 
of the fibers In healing fibroblasts (some of 
which develop from the polyblasts or wander 
m from the adjacent regions) form new col 
lagenous fibers that usually are coarse and 
abundant Eventually the contraction of these 
fibers compresses the vessels and results in a 
dense avascular scar that tends to render the 
tumor radioresistant This fact is important 
for obviously the injudicious use of radiation 
therapy may produce so much fibrosis before 
cstruction of the neoplastic cells has occurred 
t at a radiocurable tumor is transformed into 
one that is radioresistant 
Radiation injury to the fibrocytes is mam 
osi The cytoplasm becomes increased and 
asophi\)c and the cells assume a polygonal 
or fusiform shape with tapering ends The 
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nucleus and nucleolus both become enlarged 
but retain their original shapes The chromatin 
becomes coarser More marked changes be 
come evident with increased and repeated 
exposure 



F>g 14 9 Redifllion rbroblotit (X 1000} 


THE EFFECTS OF IRRADIATION UPON 
THE VASCULAR BED 

The earliest change is a dilation of the vessel 
wall With small exposures the condition is 
tcmpoiary and no permanent changes can be 
detected Larger exposures (500 r or more 
with medium voltage x rays) result in perma 
nent dilation with resulting telangiectases The 
larger doses used m treating tumors result in 
swelling and diffuse or focal proliferation of 
the endothelial cells which narrows the lumen 
and may completely occlude it Exposures of 
1200 r produce vacuolization and necrosis of 
the endothelial cells— damage severe enough 
to result in thrombosis [27] 

The clastic tissue disintegrates and is rc 
placed by collagen this change is helpful m 
differentiating radiation effects on the vessels 
from other vascular diseases The muscle cells 
become swollen and vacuolated then hyalin 
ized and gradually replaced by collagenous 
fibers Radiation fibroblasts become evident 
In the outer coats undifferentiated cells of the 
adventitia disappear The total diameter of the 



2S6 


IrradiatiOQ 


vessel w*!!! is increased, chidly at the expense 
of the lumen {27] The narrowing together 
with thrombosis from endothelial damage may 
interfere considcrablj with the blood flow 
through the tumor, producing ischemia or 
infarction resulting m destruction of con 
sidcrable tumor cells This necrosis from vas 
cular occlusion is a factor responsible for 
the favorable temporary response of some 
radioresistant tumors 

CLINICAL CONSIDERATIONS OF 
TUMOR RADIOSENSITIVITY 

Radiocurabiliiy must be difrcrcntiaicd from 
radiosensitivity Radiosensitive tumors arc 
those that show the most regression or dc 
generation from the least exposure to irradia 
tian Warren (281 has advocated the use of the 
term radiosensitivity ' to indicate a signiflcant 
tissue response to less than 2 500 r adminis 
tered m the ordinary therapeutic manner 
radioresponsivcncss to a response from ir 
radiations measuring between 2 500 and 5 000 
T and 'radiorcsistancc to response produced 
only after still larger exposures 

Desjardins (71 has tabulated the sensitivity 
of the various tissue cUh to ionizing radia 
tions He found the leukocytes especially the 
lymphotytcs neutrophils and eosinophils to 
be (he most sensitise cells m the body Next 
m order were the mucus producing cells of (he 
basal epithelium such as the salivary cpithc 
hum the bronchial lining cells and the 
mucus producing cells of the gastrointestinal 
tract The basal epithelium of the testicular 
tubules and the epithelium of the ovary fol 
lowed Fibroblasts were fairly sensitive Fibro 
cytes were rather resistant but even more so 
in the order mentioned were cartilage bone 
muscle and fat cells Nerve cells were the 
most resistant In general this order of sensi 
tivity correlates well with the life expectancy 
of the cell those that have the shortest life 
expectancy are the most radiosensitive while 
those with the greatest life span are the most 
radioresistant 

He also found that these relative responses 
of the various normal tissues were retained by 
the tumors derived from them 

It IS significant however that even the most 
radiosensitive tumors contain some rather re 
sistant cells Thus m treating these tumors 


several thousand roentgens may be nccessaiy 
as a sterilizing dose even though only several 
hundred arc needed to give clinical regression 
because of the destruction of the majority ol 
the cells 

RADIORESPONSE OF TUMORS 
The Response of Tumor Types 
to Irradiation 

CARCINOMAS 

The radiosensitive undifferentiated uansi 
tional cell carcinoma of the nasopharyw 
which literally ‘melts after several hundred 
roentgens m divided doses can be contrasted 
with the wcnHlilfcrentiatcd squamous cell car 
cinoma that requires from 3,000 to 6000r 
for significant effects However because all 
types of carcinoma contain some radioresistant 
cells the sterilizing dose for all should consist 
of from 3 000 to 6 000 r 
Squamous cell carcinomas occumng on the 
skin surface usually show a more satisfactory 
response than do those of comparable struc 
turcs ansing on the mucous surfaces Basal 
cell carcinomas usually are more easily de 
stroyed than squamous cell carcinomas 
A few clandular carcinomas are unusually 
radiosensitive c g , seminomas of the fesW 
but unfortunately those tumors most 
qucntly encountered — carcinomas of the siom 
ach colon etc — are rarely if ever curabe 
by radiotherapy In general glandular can 
nomas do not lend themselves to therapy 
well ns epidermoid carcinomas 

SARCOMAS OF THE SOMATIC TISSUES 
Sarcomas should be considered radiore 
sistant although examples are encountere 
which exhibit a considerable response sue a 
the Uposarcomas where 5 year cure 
be obtained [19] This is unusual since fatty 
tissue js relatively radioresistant 

Osteogenic sarcomas usually react poor ) 
radiotherapeutic efforts ® 

Synovial sarcomas vary in structure s 
ciently to show more than the usual differen 
in radioresponse 

Fibrosarcomas usually give slight an 
poraty response to irradiation Most 
neurilemmomas respond m a similar but c 
less satisfactory manner Neuroblastomas 
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radiosensitive whereas ganglioneuromas are 

resistant to irradiation 

Radiation induced alterations are least evi 
dent m chondrosarcomas which almost never 
give more than fleeting response The m>ro 
sarcoma not mixed with other related tumor 
elements is rare and insuflicicnt data are 
available for conclusions but it appears to 
respond unsatisfactorily 
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TUMORS OF LYMPHOID AND 

hematopoietic tissues 

Response of Normal Tissue to Ionizing 
Radiation 

The lymphoid tissues are most sensitive 
The germinal tenters are injured most se 
vcrcly, but the Ijmphocytes are also very 
sensitive The reticulum cells in the sinusoids 



Fig 14 10 Radioensilive lipsarcomo <Co«f»Mr Dr W Steworl and Dr Joieph H 

Forrow ) 


The somatic sarcomas in infants and young 
children frequentlj react dramatically although 
temporarily to irradiation [19] It is not un 
usual for a largt fibrosarcom i to disappear 
from exposure of 800 to 1 000 r over a period 
of 4 to 5 weeks Such response should not be 
construed to indicate curability since con 
sistcntly many of the neoplastic cells remain 
•n full vigor Such reduction m size however 
may be of value m making surgical removal 
possible or more readily accomplished 
The benign counterparts ot the tumors dis 
cussed are radioresistant 


are less severely damaged and with proper 
exposures they may be found apparently m 
tact when the parenchyma appears to have 
disappeared Recovery with replacement 
lymphocytes is rapid unless sterilizing doses 
have been applied The changes in the lympho 
cytes consist of cellular enlargement clump 
ing of the chromatin vacuolization of both 
nucleus and cytoplasm and some instances of 
nuckar pjknosis [11] When regeneration 
occurs peculiar appearing cell types are com 
mon including bizarre forms giant cells and 
cells in atypical mitoses 
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Destruction of the rmrrow cells m ir 
radi itt-d areas is evident within two da)s after 
exposure and rrn) be almost complete a few 
di)s htcr except for the rcticulocndothclnl 
cells These latter form the foci for regenera 
tion of the monomicleated cells, the granulo 
cytes, and finally the erythropoietic senes 
Hemopoietic tissue appears to be more se 


(he tumor, and frequently 3 000 to 4,000 r will 
he needed to sterilize a moderate sized neo- 
plasm, in other words approximately ten 
times the palliative dose is required [15} 
Tissue infiltrations respond in a manner 
similar to the primary disease in the lymph 
nodes Widespread radiation therapy to the 
leukemic patient also reduces the number of 



Fig 14 n Variable rodiotentivity of lu«nor» of the peripheral neryoui lyitem (lefl) Newrobloilomo The 
differentialed tumor celU ore radioieni live ond ore viualljr deilreyed by moderole dole* of '"j 
Ihe metajlaiej may be destroyed by rodiofion therapy (ftiphr} Conglioneuroma Showing tumor ceili o 
character wh eh ore rod oresiitont Surg cal rentovol is the ind cated iheropeulic procedure 


verely damaged and recovers later than lym 
phoid tissue [11] 


white cells in the bone marrow the 
organ, and the circulating blood 


Lymphomas Hodgicin s Disease and Leukemia 
Tumors and related diseases of lymphoid 
tissue are among the most radiosensitive of alt 
neoplasms — 50 to 100 r daily for a total dose 
of 300 to 400 r IS usually sufficient to cause 
clinical disappearance of most early growths 
However with such small exposures recur 
rcnces are usual In only about 50 per cent 
of the cases will I 500 to 2 000 r delivered 
to the tumor m the course of 10 days destroy 


RADIOSENSITIVITY OF EMBRYONAL 
rUMORS 

As would be expected from the character o 
the cells embryonal tumors respond favora 
;o irradiation 

Tumors composed of a single type o 

:eU eg, seminoma of the testis sympatwe^ 

jonioma of the adrenal offer 
loses than many other tumors tha 
romparable malignant characteristics 
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The Radiosensitirity of Tumors 
the metastases of some can be sterilized [24] 
Tumors characterized by mixtures of cells 
eg Wilms s tumors usuall) contain tumor 
foci that are radioresistant and although the 
original response may be dramatic the even 
tual result is unfavorable 

Rodiosensitivity of Tumors According 
to Anatomic Location 
RADIOSENSITIVITY OF TUMORS OF 
THE SKIN AND ITS APPENDAGES 
Reaction of Normal SIcin to irradiation 
The changes in the tissues incident to ir 
radiation result from two reactions First the 
severity of the damage The radiosensitive 


upon the active cells of the hair follicles cause 
stoppage of hair growth either temporary or 
permanent Sweat and sebaceous glands are 
similarly affected Squamous metaplasia of 
the ducts of the sweat glands has been ob 
served after irradiation [II] 

The second reaction is inflammation fol 
towed by pigmentation atrophy and telangi 
ectasis The increased pigmentation is believed 
to result from an increased tyrosine tjrosinase 
reaction in a manner similar to that induced 
by ultraviolet radiation [8] 

The atrophy is manifested by a flattening 
of the rate pegs decreased thickness of the 
epidermal la)cr and decreased or absent 
appendages 



fg 1412 Lycnphesor<erno Pyknei i q d topd cellular d sintegrot on follow ng rad at on 
Ireatmenl The d stribul on of neerolie cells is irregular (Courfetjr Or Fred W Stewort and 
Dr Joseph H Forrow ) 


cells constituting the germinal lajcrs of the In the undcrlvmg dermis pol) blasts maj 
epidermis and the proliferating portions of persist indefinitely The injured blood vessels 

e dermal appendages fail to reproduce satis undergo thrombosis and disappear except for 

actorily and undergo focal necrosis or show the fibrous elements which become merged 

'Widespread destruction The more mature with the surrounding connective tissue occa 

^uamous cells are more radioresistant and stonal vessels compensate and become felangi 

fer litilc or no significant injury If there is cctatic Unless the damage is considcrabk 

icient destruction of the basal cells over necrosis with subsequent hvalinizalion is not 

area large enough so that thev cannot marked since the collagen lends to be more 

'^cgcncrate or be replaced from the adjacent resistant to injury Because the damage results 

sreat ulceration results CompinMc eflects usuallv from the accumulation of numerous 
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exposures over i considerable lime evidences 
of overexposure may not he evident for 
months or even years Both the protracted and 
the recurrent exposures produce the chronic 
radiodermatitis 

The acute radiation reaction of the skin as 
of the deeper tissues is more intense when 
the individual exposure is greater while the 
late cITccts arc more dependent upon the total 
dosage 


hasc been observed in detail Stewart and 
Farrow {25] found 

Short!) after the beginning of treatment the 
exudative tells become separated by edema 
lymph stasis is evident In dilated lymphatia 
and small foci of fibnn appear m the stroma 
Wlhin four or five days the first definite chan e 
appears in the tumor cells themselves Thu 
consists In the appearance of foci of squamous 
metaplasia These foci arc sharply local so 
local m fact (hat although the matter cannot 





Fig 1413 Rodiation atrophy of the ikln (X 430) 



Fig 14 14 Inflammotory reoetion itiH 
month* otter Irrod otion (X 100) 


Sensitivity of Skin Tumors to Irradiation 

Papillomas Adenomas and Glandular 
Carcinomas The fibroepithelia! papillomas 
are resistant Infectious papillomas including 
plantar warts give satisfactory response to 
surface irradiation unless they are deeply 
rooted infected or ulcerated Both adenomas 
and carcinomas of the various cutaneous 
glands respond poorly to the ionizing radia 
tions 

Basal and Squamous Cell Carcinomas The 
destruction of basal cell carcinomas by ir 
radiation is due to several factors such as 
accessibility small size superficial growth 
lack of metastases and a tumor bed favorable 
to therapy 

Because basal cell carcinomas offer most 
satisfactory conditions for repeated biopsy 
the roentgen changes incident to these tumors 


be proved one is forced lo SeSed 

depfnd for their distnbution areas 

circulatory alterations in become more 

of squamous metaplasia cells be 

numerous The acidophilic squamous «i 

e swollen and vacuolated and the e 


:ome swollen and vacuolatea a consist m 

of the degenerative P™"t^“!^!^fnnlasffl w* » 
a shrunken nng of acidophilic cj^ p . j^^cytes 
:=Mral collect, oa, o£ 


Mntral collection oi oegciic , ,5 not 

Hus progressive degenerative m pi of 

aniform m type In other ar ^ ^^udate 
‘•-'"I cells appear to Jspmdie «lls 

there results areas of elongatea jj 


md there results areas of elongatea sp ^ 
which fray out into the st™ma ^ 
income separated from tissue 


jecome separated from one anoi / 

nucin and swollen degenerated elast^^ ^^^,^^ 

rhe spindle cells gradually becom a 
ihrunken and infiltrated by degenera 

>ut the process up to the end stag s of 

ion there are apt to persist m . 

•ranulation Ussue islands of J^„ngjshed 
htered tumor which cannot be msting 
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from the ongmal lesion The stimulation of con 
nective tissue m the sense of true fibrosis seems 
lo play little or no part in the disappearance 
of the tumor since the latter js gone before 
any fibrosis begins to appear 

In general the squamous cell carcinomas 
present the same reactions and the same 
problems as the basal cell group The minute 
ones may be destroyed by ionizing radiations 
^tger tumors ^^hlch have infiltrated deeply 
and become infected respond less favorably 
nfiltration into tissue such as bone or carti 
(either basal or squamous cell tumor) 
fnilitates against using irradiation to effect a 
cure 

Although carcinomas frequently arise in 
f”ultip]e foci there is little indication that 
•fTa lation of the surrounding epidermis aids 
the subsequent development of 
? carcinomas m fact it may abet the 
location of a new tumor 

The squamous cell carcinomas of the vulva 
” anus differ from those elsewhere by 
ni^ nielastases to regional lymph 

bed^ri moist poorly responsive tumor 

''Of contribute to a favorable bio- 
'M'ologic rcacuon 


Pigmented Ne\i and MaUgnant Melanomas 
Nevus cells are at least as resistant to xrradia 
lion as tbe adjacent tissues and irradiation 
appears to have no place m their treatment 



Fg 14-16 Marksd fbrots in a ntlaitgtic melanoma 
ramovad thraa months after Inters e irradiat on (X 
450) 
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In three instances known to the author in 
which pigmented nevi were irndialcd 700 lo 
800 r given m five sessions, 100 kv with no 
filter, there gradually occurred some decrease 
m pigmentation after four years no untoward 
changes were evident 

Only 3 or 4 per cent of iiwhgnant ntch 
noims show any significant response to irra 
dntion Several months after therapy most 
treated melanoma nodules show no marked 
change from compariblc untreated ones in 
the same patient Fibrosis the most outstand 
mg feature of the treated nodules becomes 
obscured as the mclanom is increase in size 

TUMORS OF BLOOD VESSELS 

Capillary hemangiomas composed chiefly 
of endothelial cells and surrounding reticulum 
and collagenous fibers, assume various forms 
including the Dc Morgan spot and strawberry 
mark they arc more sensitive to radiation 
therapy than the other tumors of blood ves 
scls The endothelial cells arc injured by 
relatively small exposures Wah swelling of 
the cytoplasm and the inflammatory exudate 
compressing the vessel wall, the lumen is nar 
rowed and when necrosis develops the blood 
in the lumen clots The resulting thrombus 
becomes organized and eventually an avas 
cular fibrous lesion results 

Cavernous hemangiomas develop from the 
capillary type when the intravascular pressure 
dilates the capillary walls to form large sinuses 
and sacs Such changes reduce the radiosensi 
tivity of these tumors because now the flat 
tened endothelium forms only a narrow nm 
on the periphery of the sac Moreover the 
ionizing radiations must pass through larger 
Vessels that help protect the more deeply situ 
dted cells 

Hypertrophic hemangiomas or benign he 
mangioendotheliomas are radioresistant [18] 
Cirsoid hemangiomas or aneurysms arc also 
radioresistant The corresponding lymphan 
giomas are more radioresistant than their he 
mangiomatous counterparts 

The angiosarcomas — malignant hemangio 
endotheliomas and lymphangioendotheliomas 

respond rather well at first to radiation 
therapy but such treatment is chiefly pallia 

Kaposi s Hemorrhagic Sarcoma The earlier 


tumors arc radiosensitive and will disappear 
under dosages of I 000 to 2,000 r of irn 
filtered low voltage roentgen rays or cor 
responding exposures with a radium plaque 
The older tumors and especially the fibrosed 
ones arc much less responswe to radiation 
therapy 

TUMORS OF BONE AND CARTILAGE 
Growing bone and cartilage arc scnsilnelo 
the usual therapeutic exposures but adult 
cartilage is resistant The bone matrix is un 
doubted!) very resistant as is probably the 
ostcocjtc, but bone seldom can withstand 
more than moderate exposures without under 
going necrosis because of the vascular injury 
incurred Moreover, bone and cartilage form 
a poor bed for the radiorcsponse of tumors 
infiltrating these structures 
Ewing s tumor, reticulum cell sarcoma and 
myeloma arc radiosensitive tumors and un 
doubtcdly could be cured if distant metastases 
did not occur 

Giant cell tumors arc usually curable by 
either surgical resection or radiotherapy The 
malignant forms however are comparable to 
sarcomas of the supporting tissues and art 
radioresistant as are chondrosarcomas and 
(from a practical point of view) osteoeenic 
sarcomas 

TUMOR OF MUSCLE 

Muscle IS a radioresistant tissue and does 
not show significant injury from therapeutic 
exposures of roentgen rays Excessive exp^ 
surcs from intracavitary radium does at tim 
result in injury to adjacent muscle [22] 
myosarcomas and myoblastomas are ra lO- 
resistant 

RADlOSENSmVlTY OF THE EYE AND 
TUMORS ORIGINATING IN THE EYE 
The conjunctiva and cornea are not 
more than other delicate squamous sur a 
and withstand considerably greater exposu 
than the lens This appears to be true a s 
the ms choroid and retina as well 
sclera ,, 

The changes in the lens usually resu 
a period of months to years The inju y 
manifested first m the posterior Pj® ^ 
beneath the capsule as minute ground g 
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tium filtered lo remove other rays ) Of the two 
Common tumors of the e)C the malignant 
Melanoma is radioresistant and the retioo 
astoma unless very small responds only 
a ter the global structures are so damaged that 
Dimdness results 

|*ADIOSENSmviTY OF TUMORS OF THE 
yi5j^^J>ESPIRATORY AND DIGESTIVE 

FP'tl^rmoid carcinomas arising from 
c mucous linings of the head and neck tend 


the tonsillar region the hypopharynx the 
pinform sinus arytenoepiglottic fold etc are 
undifferentiated and radiosensitive The results 
vary coosiderably in different locations those 
in the tonsillar regions the nasopharynx 
and the ary epiglottic regions offer better prog 
noses while those in the piriform sinus are 
seldom sterilized In some the tumors are 
sufficiently radiosensitive to obtain stenliza 
tion m the lymph nodes as well Carcinomas 
of the epiglottis vocal cords and postcricoid 
regions are usually more differentiated and 
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although only modcntclj ndioscnsilivc cures 
of the tumors m these locations can be ob 
tamed b) irradiation 

Coranoma oj llie Up Although carcinoma 
of the lip IS usually a well difTercnlialed 
squamous cell carcinoma and not very radio 
responsive its accessibility permits ctcclicnl 
results by irradiation 

Corcinoitio of ihi Mouth The intr lor il c ir 


Carcinoma of the anterior part of the ton<nic 
lends to be well difTcrcntiatcd but respond; to 
radiation because of its acccssibilit) 

At the base of the longue carcinomas are 
more undifTerenliated and radiosensitive 

TUMORS OF THE SALIVARY GLANDS 
Mixed tumors of the salivary glands are 
radioresistant After incomplete removal the 
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emomas tend to be differentiated Those arts 
mg on the buccal surfaces and floor of the 
mouth are somewhat less so than those on the 
gums and hard palate 

The tumors of the dental antagen vary 
greatly m the types of tissue composing them 
and m the degree of their malignancy In 
most however because of their radioresistant 
components their proximity to bone and their 
inaccessibility the treatment by irradiation is 
unsatisfactory 


implantation of radium needles or 
seeds can effect a cure despite t ® r 
resistant nature of the tumor Caremo 
the salivary glands likewise respon ^ . 

factonly to irradiation although 

cures of epidermoid carcinomas of t e 

glands have been accomplished [3] 

TUMORS OF THE THYMUS 

The thymus shrinks rapidly ''hen su je 
to even small doses of radiation t crap 




The Rndioscnsiti\ity of Tumors 
to the disappearance of its lymphoid elements 
The lymphoblastomas involving the thymus 
respond quickly and in the manner character 
izing them throughout the body 
In contrast the true thymoma is composed 
of cells derived from epithelium with thymo 
c)tes m variable numbers and has not been 
found to be radiosensitive or even to decrease 
significantly in size after the usual roentgen 
therapy This is due to the radioresistance of 
the epithelial part of the tumor 

THYROID TUMORS 

Although experimental data are not con 
sistent the thyroid parenchyma like most 
secretory epithelium is radioresistant This 
inherent lack of response is evident in the 
various types of adenomas developing in the 
organ Destruction of the more radiosensitive 
cells with palliation and prolongation of life 
IS more evident in the alveolar papillary and 
Hurthle cell types than in the giant and small 
cell varieties 

Radioactive lodme is effective only m those 
tumors that are sufTicicntly differentiated to 
absorb and store the radioactive iodine m 
jeeted 

the parathyroid glands 

The parathyroids withstand therapeutic ex 
posurcs Without clinical evidences of derange 
ment The adenomas do not respond favorably 
and Che incomplete data on such therapy for 
carcinomas do not indicate its use except for 
palliation 

CARCINOMA OF THE BREAST 
Most breast cancers arc relatively radiorc 
wsiant (sec Vol IV) 

CARCINOMAS OF THE ESOPHAGUS 
Carcinomas of the esophagus arc typically 
ermoid rather malignant and radio- 
wnsitise Sterilization without niediasimilis 
^severe stenosis from breakdown of the 
P ageal wall is no longer a raniv Pallia 
rvasonablv successful especially 
c fungatmg and ulttraimc tumors 

bronchogenic CARCINOMA 
Irom a theoretic consideration the undtf 
fcnliated tvpcs oj hn rivhul tircinoma 
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should be rather radiosensitive especially the 
epidermoid type Although such appears to be 
the case the poorly responsive tumor bed the 
proximity and early extension into cartilage 
and the limitation of exposure by the effects 
upon the pulmonary parenchyma all prevent 
the primary tumors of this region from being 
sterilized by radiation therapy If present 
bronchial obstruction and its complications 
may be reduced Bronchia! adenomas are very 
radioresistant tumors 

Metastatic Tumors of the Lung The sensi 
tivity of the metastatic tumors to the lungs 
follows closely that of the primary tumors 
from which they are derived Because of the 
poor tumor bed and the limitation of exposure 
sterilization of even the most radiosensitive 
tumors vs most difficult 

THE GASTROINTESTINAL TRACT 
Carcinomas are most radioresistant 
The abdominal contents arc well able to 
tolerate the exposures necessary to sterilize 
the great majority of lymphosarcomas with 
fields large enough to include the regional 
lymph nodes and apparent cures result 
Leiomyosarcomas and comparable tumors 
ate not more responsive to irradiation when 
situated in the gastrointestinal tract than they 
arc m other locations 
Carcinoids of the intestine arc inherently 
radioresistant glandular tumors usually so 
well differentiated that they manifest slight 
tendencies of metastasis Adenocarcinomas 
conversely ofler a poor prognosis since cxicn 
sivc mctaslascs are usual — thus preventing 
complete removal of the tumor which is not 
only radioresistant but located where radiation 
Ihcrapv is limited by the sensitivity of the 
intestine 

Polyps respond poorly or not at all as do 
leiomyomas lipomas and comparable tumors 
The only tumor to give satisfactory results 
IS the lymphosarcoma which responds in a 
manner similar to that noted in the stomach 
ic more favorably than in most other parts 
of the bodv 

Corresponding to gastric carcinomas those 
ansing in the colon arc usually well dif 
fercniiatcd Althouch some show evidence of 
being radiosensiltvc cspcciallv the polypoid 
forms ipdiocurabihtv probably occurs only 
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uterus offers an unusually satisfactory bed for 
the radiation treatment of nnlign int nco 
plasms 

Squamous cell carcinoma of the ccrvjx is 
a radiorcsponsive tumor that yields tr'itifymg 
results to radiation therapy 

Carcinoma of the Endometrium 

When the cndomctrnl carcinoma is exposed 
to sterilizing intracavitary applications of ra 
dmm there results a breaking up of the glan 
dular structure swelling of the tumor cells 
pyknotic fragmentation of the nuclei necrosis 
leukocytic infiltration and slough * Sheehan 
ct al [221 found that some months after the 
uterus was removed the tumor sue was not 
evident However, the large exposures to the 
adjacent uterus caused a diffuse cndomctrihs 
With necrosis of most of that lajef The ad 
jacent muscle fibers may become atrophied 
and a diffuse increase in collagen become 
evident but atrophy docs not develop— the 
myometrium remaining normal in size or 
somewhat enlarged The radiation effects upon 
the vessels are evident especially near the 
source of irradiation The serosal surface is 
not altered At the internal os a necrotic 
plaque develops from the cauterizing effect of 
the irradiation 

Tumors of the Vagina and Vulva 

Carcinomas of the vagina lend to be poorly 
differentiated and should respond satisfaclorily 
to irradiation but the thinness of the fibrous 
and muscular walls and the close proximity to 
the colon (most carcinomas arise on the 
posterior wall) limit the dose and make the 
treatment unsatisfactory Carcinomas of the 
vagina and cervix demonstrate the effect of 
the type of tumor bed upon the factors em 
ployed for irradiation and anticipated end 
results 


The various sarcomas including the bott) 
Old tumors of both children and adults exhibit 
i poor response to roentgen therapy 
Circinomas of the vulva manifest three im 
porlint factors that limit the application of 
irndntion for their treatment (1) They are 
usually diffcrcnlntcd and hence radiorcsist 
ant (2) the surrounding skm is moist and 
exposed to constant friction producing tin 
toward sequelae from irradiation, (3) thv 
large anatomic surface vitiates against ad 
ministering nn adequate dosage 

TUMORS OF THE ADRENAL GLANDS 
The adrenal glands appear to withstand 
even massive exposures without presenting 
Significant necrosis Some loss of cholcstenif 
content may be present but functional altera 
lions arc not detected after exposures withm 
the therapeutic range 
Adenomas of the adrenal cortex whether 
functional or not arc surgical problems Car 
cinomas respond only moderately and do not 
appenr to be curable except by complete 
tirpation Considerable palliation however 
may be expected temporarily from adequate 
exposures of deep roentgen therapy 
One of the tumors that may be treated mos 
successfully by inradiation is the more undif 

fcrcnliatcd form of neuroblastoma— the sym 
pathicogomoma Even muluplu metasta^s m 
the liver may respond and fail to recur How 
ever w/hen metastases occur m bone t e 
tumors cannot usually be destroyed com 
plctcly by irradiation The more differentia 
tumors the sympathicoblastomas and gang jo- 
neuromas do not respond to irradiation 

The pheochromocylomi or chrooiani|i 
tumor requires surgical removal The mais 
nant form of this tumor the pheochrom 
blastema is rare and adequate data ” 
available but it does not appear to be ra 
curable 
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With the development of atomic weapons 
and of the atomic energy industry during the 
1940 s the radiation problem changed dra 
matically from one affecting at most a few 
thousand medical men patients and physical 
scientists to one that m its broader aspects 
could affect whole populations Consequently 
in the last few years much progress toward 
an understanding of the problem has been 
made While several theories concerning the 
interaction of ionizing radiation on biologic 
8)stcms have esolved no single concept has 
been able to clarify adequately the entire sc 
quonce of events that follovss exposure to 
radiation 

Inasmuch as there is now available a senes 
of csccilcnt texts and reviews (2 3 5 6 8 9 

10 11 13 14 J 5 17] dealing with the quanti 
lativc and theoretic aspects of radiation biol 
0?' It is the hope of the authors that this 
chapter uill serve a useful purpose if it is 
limited to a brief factual presentation of the 
interaction of radiation and matter and an 
attempt IS made to dcsclop the subject in such 
tt ''a) that the individual who is not trained 
cxtensisclj in the physical sciences mav gain 
at Last a qualiiativcK sound understanding of 
the field 

THE NATURE OF IONIZING 
RADIATION 

lonuing radiation derises u> name from its 
abilits to produce a positiscU charged atom 
"ith a nccatise electron in Us immediate 
'leinits h\ kniKkini. m eketron out of an 
atom separation of clcetncal charces 
piiKluces wh it le known as an ion pair The 


production of an ion pair requires the ex 
penditure on an average of approximately 
33 electron volts of energy Referring to Fig 
urc 15 1 it can be seen that the clectromag 
netic spectrum extends continuously from 
r-tdio waves through the infrared the visible 
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ultraviolet x ray and gamma nnges of en 
crgics In this transition the amount of energy 
contained m each unit or photon or quantum 
of radiant energy increases as vve move down 
toward the shorter wavelengths 
In the ultraviolet range biologic effects arc 
produced primarily by the excitation of orbital 
atomic electrons to higher energy levels with 
out a notable production of ion pairs How 
ever the existence of this metasiabic excited 
stale IS suflicicnt in manv sv stems to produce 
chemical reorientations and subsequent bio 
locic damage As we pass from the shorter 
ultraviolet energies into the soft x ray range 
the individual photon becomes mcrcasinclv 
energetic until fmallv n possesses more than 
the 33 electron volts of cnertv required for 
the production of ion pairs 
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Following the production of an ion piir 
the dislodged electron is npidl) nhsorbed by 
neighboring atoms and the posilivel) chirged 
atom and the molecule of which it is a part 
picks up a stray electron and once again be 
comes clcctricallj neutral In this process 
electrical charges within the molecule arc ad 
justed chemical bonds and even entire chem 
ical groups may be altered 

This description of the consequences of the 
formation of an ion pur by the dislodgmcnt 
of an orbital electron and subsequent re 
arrangement and balancing of electrical forces 
is deceptively simple The biologic sequelae of 
such an event arc out of all proportion to the 
energy supplied to the system 

Before discussing m more specific terms the 
factors involved m the interaction of radiation 
and matter several broad generalizations shall 
be made concerning the effects of radiation on 
living systems 

1 Radiation is nonspecific in Us action 
Whereas many drugs and chemicals exert their 
influence upon specific and identifiable organs 
tissues or enzyme systems it has not been 
possible thus far m the ease of radiation in 
jury to pick out a particular sveak link m 
protoplasmic organization that is specifically 
and exclusively sensitive to radiation There 
are of course variations in the relative scnsi 
tivity of specific organs to radiation and there 


IS evidence that certain enzyme systems par 
ticularly those involving free sulfhydral 
groups arc considerably more sensitive to the 
effects of ionizing radiation than others 
2 All types of ionizing radiations exert 
quahtatnely the same effect on living proto 
plasm Included m the term ionizing radia 
ttons are not only electromagnetic x rays and 
gamma rays but also the energetic positively 
charged alpha particles and protons nega 
lively charged beta particles and uncharged 
neutrons The guanliiatne differences m the 
biologic effectiveness of these forms are due 
to the relative densities of the clusters of ion 
pairs that form along their paths as they are 
gradually slowed down with a transfer of Ihcir 
energy to the tissue 




lower dose limit below which no visiblo miur, 
occurs and an intermediate dose range IE 


apparent met iboltc siimuhtion occurs there 
is no evidence that exposure to radiation hoiv 
ever small, is anything but injurious 

4 There IS a lalent period between the time 
of exposure to radiation and the appearance of 
signs of ndiition injury This latent period m 
general vanes inversely with the dose and the 
rate at which it is administered For exampt 
nausea may develop within a few minutes after 
exposure to a single large dose of radiation 
while many years mas pass before cancerous 
changes or leukemia appe ir fo’lowing a senes 
of relatively small exposures 

5 The wmalic effects of radiation injury 
arc reversible to a certain extent On the oth r 
hand yenenc changes produced by radiation 
arc irreversible and permanent 

6 Most of the individual effects of lonizm® 
radiation can be produced by one or another 
chemical or pharmacologic poison but no 
single substance can simulate all the effects of 
ridiition Among the substances whose actions 
resemble in certain rcspccls those of radiation 
are the nitrogen mustards carcinogenic sterob 
and hydrocarbons certain of the sex hoc 
moncs hydrogen peroxide and others 

THE INTERACTION OF IONIZING 
RADIATIONS WITH MATTER 

Depending upon their energies x rajs and 
gamma rays arc absorbed by one or more o 
three mcchnnisms the photoelectric epee 

ABSORPTION OF * AHO r R*TS 



pmotoclectric effect 


::omplon elect and patr 5'sotl 

15 2 illustrates the manner in whien y J 
t r!l>s arc absorbed by the photoe ec r 
with the production of an ion pair 1 V . 
iransters all its energy to the electron 

'■TuT'eompton recoil absorption of ran 
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of higher energy as shown in Figure 15 3 the 
photon acts like a billiard ball and bounces 
ofl an atomic electron with which it shares its 
energ) The deflected photon now containing 
less energy and having a longer wavelength 

ABSORPTION OF X AND?' RAYS 
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undergoes successive Compton recoil collisions 
until Its energy becomes so reduced that 
finallv It IS absorbed in a photoelectric col 
lision The dislodged electron may have re 
ccivcd sufficient energy to act as an ionizing 
particle in its own right In Compton colli 
sions the degraded photon may be deflected 
in any direction depending upon how- it inter 
acted with the electron This accounts for most 
of the scattering of x rajs as thev pass through 
matter 

More high!) penetrating rajs such as 
gamma ras s in the million-electron volt (mev) 
range are absorbed in part bj what is knowrn 
as pair production (The term pair produc 
tion should not be confused with ion pair 
formation as previously discussed ) In this 
t> pc of absorption shown m Figure 15-4 Ihv, 
photon is complelclj absorbed m or near the 
nucleus of an atom As a result of this abrupt 
absorption of a high energy photon a positive 
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and a negative electron pair arc produced 
The positive electron or positron is extremely 
reactive m the sea of electrons that exists 
throughout matter and quicklj reacts with a 
negative electron with the resultant annihila 


ABSONFTION OF X AND r RAYS 
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non of the masses of both and the conversion 
of these masses into two half million volt 
gamma raj photons This reaction might be 
considered a miniature atomic explosion The 
two photons thus produced arc then absorbed 
like an) other gamma ra)s of the same energ) 
The relative importance of the three ab 
sorption mechanisms is shown in Table 15 I 
from which it can be seen that the photo- 
electric mechanism predominates in the super 
flvial therapy and the lower diagnostic x ray 
energy ranges while the Compton effect pr». 
vails in the 250 kv and higher therapy range 
of energies The pair production phenomenon 
IS more of academic interest than of practical 
significance 


TABLE 15 1 — Absorption or X and Gamma Rays 


P Phofoelcctnc absorption Compton absorplior 

Kaiha ion type per cent per cent 


'ei) soft 
Soft 
2<0 kv 

Hard or gamma 
(Above 1 mcA) 


100 

75 


25 

99 


Pair production 
per cent 


98 
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ABSORPTION OF PARTICULATE 
IONIZING RADIATIONS 

The particulate forms of ionizing radiation 
commonly studied and utilized in radiobiologic 
experimentation arc alpha particles beta par 
tides protons, nnil neutrons 

Alpha panicles ire produced b) the spon 
taneous transmutations of the atomic nuclei 
of the heaviest elements The particles arc 
ejected at discrete velocities characteristic of 
the element involved They move at speeds up 
to one tenth that of light and have correspond 
ing energies of up to 8 million electron volts 
An alpha particle is actually the naked nucleus 
of the helium atom stripped of its orbital 
electrons It has a mass of four and a positive 
charge of two Because of this characteristic 
of possessing a double charge heavy mass 
relatively large size and extremely high ki 
netic cnerg), alpha particles have a very short 
range in tissue and leave enormously dense 
ionization tracks which resemble solid cylin 
ders of ion pairs Their maximum range in 
tissue IS about 100 ^ thus they arc not able to 
penetrate the horny layer of the skin In air, 
alpha particles produce roughly 30 000 ion 
pairs per centimeter of path while m tissue 
the ionization density is equivalent to about 
60 million ion pairs per centimeter of path 
Beta particles are simply high speed elec 
trons emitted by the nuclei of certain naturally 
occurring or artificially produced isotopes of 
the elements They have energies that may 
vary from almost zero to three or more million 
electron volts They behave just like the elec 
trons produced by heated filaments cathode 
ray tubes or higher energy electron accelera 
tors The beta particles emitted by the nucleus 
of a given element have a continuous spectrum 
of energies whereas alpha particles ordinarily 
are monoenergetic Thus the beta particles 
from radioactive phosphorus 32 have energies 
varying from almost zero to an upper limit of 
I 7 mev with most of the particles having an 
energy of about 700 000 electron volts The 
velocity of a 1 mev beta particle is about nine 
tenths that of light Electrons and beta parti 
cles are absorbed by a combination of elastic 
and inelastic collisions with atomic electrons 
and nuclei Inelastic collisions account for the 
major portion of the energy lost by electrons 


of intermediate energy These collisions with 
atomic electrons produce ton pairs by remov 
ing the atomic electron from its orbit leaving 
X positively charged ion and a negative elec 
iron Of particular importance m the case of 
very high energy electrons inelastic collisioas 
with atomic nuclei result m the production of 
a continuous spectrum of x ra)s 

In mr a 1 mev electron produces about 50 
ion pairs per centimeter of track and has a 
range of several meters In tissue this partule 
will product approximately 50 000 ion pairs 
per centimeter and have a range of several 
millimelers 

Protons arc hydrogen nuclei having a rela 
live mass of 1 and a positive charge of one 
Ordinarily ihcj arc produced in cyclotrons 
and other parliclc accelerators but also occur 
ns a result of the interaction of neutrons wita 
tissue Because of their charge and their rela 
tivclv great mass lhe> produce 
ionization in tissue somewhat comparable w h 
that from alpha particles WTicn a«e Urated ^ 
extremely high energies of over J" 
protons have a range of approximately 1 
In tissue During the hit fen " 

tnvel in tissue the density of ionization p 
dueod may be as ntueh as 10 to 20 times to 
produced at the surface This chjira'iw w 
suggests the possibility of using high eoert? 
protons in the treatment of deep seated 
Uc use of high energy 
hydrogen nuclei) lu therapy is currently 
explored [16] hnv 

f^eiitrons are basic particles 
mg a relative mass of 1 and zero charg J 
may be produced by the totoacho of a ^ 
particles from the spontaneous 
of atomic nuclei of radium or pol 
the nuclei of beryllium or uO’'’' !‘S „„ 

Neutron sources may be J u „,th 

salts of the heavy radioactive element;^, 
beryllium powder Neutrons are a 
during atomic fission reactions ^ 
produced by the beams of eyelet 
other high energy particle “ceejera ^ 

At first glance one might 
neutrnn because of its lack 
charge to be relatively harm es o 
However because its mass g 
possess considerable *■>"'=*“= „£ ordi 

charge permits it to enter th 
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nar> atoms and cause the ejection of energetic 
protons Fast neutrons that strike matter rich 
m h)drogen and living tissue is such a sub 
stance first are slowed down by a senes of 
billiard ball collisions with the nuclei of the 
hydrogen atoms Each collision kicks out a 
recoil proton which m turn produces very 
dense ionization After the neutron has lost 
most of its kinetic energy in this manner and 
begins to wander about slowly as a so called 
thermal neutron it is finally captured by thw 
nucleus of one of the ordinary atoms in the 
tissue Most frequently a nitrogen atom cap 
tures the slow neutron ejects an energetic 
proton and becomes radioactive carbon 14 
Other possible neutron capture reactions re 
suit m the formation of radioactive isotopes of 
sodium phosphorus calcium sulfur etc 
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of X rays over a range of 12 to 850 kv pro 
duces energy absorption in soft tissue of from 
40 to 100 ergs per Gm and up to 880 ergs 
per Gm in bone 

The relative biologic effectiveness (RBE) 
of any given type of ionizing radiation is 
closely related to the density of the ionization 
produced in the biologic system The relative 
dcosities of ion pair tracks for some typical 
forms of ionizing radiation are shown in 
Figure 15 5 For a given form of ionizing 
radiation the mean ion density is inversely 
proportional to the energy of the radiation 
Thus for 30 to 180 kv x rays the mean ion 
density is 100 ion pairs per ^ while for I 000 
kv X rays it is only 15 For gamma rays from 
radium it is II and for beta radiation from 
a 20 to 30 mev betatron only 8 The penetra 
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Fig 13 3 S«paratoPi of ion p«ir dusters in relation to sue of a virus 
part de 27 mst in diameter (After t H Cray in N Howard Jones ed 
Applied BiopfiytKi New York Chem cal Publishing Company Inc) 


Because of this senes of recoil interactions 
and capture the neutron is 10 to 40 limes 
more effective depending upon the biologic 
system being studied than x or gamma rays 
giving comparable ionization figures as meas 
ured m instruments 

radiation dosage and relative 

BIOLOGIC EFFECTIVENESS 

The idea of using a radiation dose unit 
based on ionization produced in air was pro 
posed as early as 1908 The definition sug 
psted was that quantity of radiation which 
y ionization liberates one electrostatic unit 
o electricity per cubic centimeter of air under 
normal conditions of temperature and pres 
sure Refinements of this definition of the 
^nit called the roentgen were adopted at the 
International Congress of Radiology in 1928 
^ ^Snin in 1937 This established a precisely 
aefined derived physical unit of dose In 
crnis of biologic effect however this unit 
cannot b“ applied directly to ionization m 
issues This results from the fact that one r 


tion m tissue however vanes directly with 
the energy These two facts taken together 
account for the effectiveness of high energy 
radiation sources m the therapy of deep seated 
cancer The beta particle or the x ray with 
Its initial high energy produces a relatively 
less dense ion track as it traverses the skin 
and other tissues overlying the tumor As it 
IS slowed down by giving up energy to the 
tissue the ion track becomes more dense 
Ideally the radiation will produce its maxi 
mum ion density m the tumor 

POSSIBLE MECHANISMS OF BIOLOGIC 

DAMAGE BY IONIZING RADIATION 

Theories of the biologic action of ionizing 
radiation assume from the outset (bat only 
absorbed radiation IS effective Thus a highly 
energetic photon or a charged particle may 
traverse substantial thicknesses of tissue with 
out giving up energy and without producing 
injury 

Of some historic interest is (he po/n/ heat 
theory of Dessaucr which postulated that the 
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energy of electrons produced during the loni 
7ntion process was degraded bj nonspecific 
collisions with protein molecules md thnt the 
energy was transformed into heat at isolated 
points The point heat theory fell short of 
accounting for so many of the sequelae of ex 
posurc to ionizing radiation that it failed to 
receive wide acceptance 

During the 1920 5 the target or quinitim 
hit theory was developed Within this theory 
U IS postulated that there exists in the cell a 
specially sensitive volume or structure within 
which ionizations are biologically effective 
and outside of which ionization produces no 
effect The theory has proved valid m the 
study of gene mutation produced by the 
ionization of the gene molecule and the 
study of chromosome breakage following the 
passage of an ionizing particle through a 
chromosome It is probably valid when 
ipplicd to a study of the inactivation of viruses 
and certain other macromolcculcs and the 
killing of bacteria by radiation Actually dc 
terminations of the sensitive volumes m the 
above systems by a stud) of inactivation or 
killing power m relation to radiation dose arc 
in excellent agreement with molecular sizes as 
determined by other methods The target 
theory useful as it has proved in certain 
specific instances suffers from a number of 
general limitations First it is an ovcrsimpli 
fication of the problem and does not take into 
account the fact that living cells can adapt to 
changes m environment even those produced 
by the radiation itself These adaptations may 
alter the susceptibility of the cell to injury m 
a manner that cannot be predicted In other 
words the theory is not applicable to types of 
injury from which recovery js possible 
Second the target theory makes no provisions 
for the biologic consequences of the action of 


ionization on water which makes up 80 j 
cent of the mass of protoplasm and whi 
absorbs approximately 80 per cent of 1 
energy from the radiation nor does if ti 
into account biologic effects produced 
radiation modified molecules of simpler ■ 
game metabolites ^ 


Hie Mure of the target theory as ongraa 
conceived to account for many aspects of t 
rad,ob,ology problem caused mcreLmg att< 
t.on to be directed toward studies of t 


Imdlallon 

radiochemical changes produced in water, and 
In nqueous solutions of mclabolicall) impor 
tint organic substances Progress m this field 
came m the htc 1930s and early 1940$ 
largely as n result of fundamental studies of 
British mvcsligitors [10, 14] The theoretic 
concepts relating radiochemical changes in 
nonliving systems to the biologic effects of 
radiation arc still evolving \Vhilc an impres- 
sive amount of information has been accumu 
I lied in recent years on the chemical effects of 
ionization it would he premature at this time 
to make any broad generalizations purportin’ 
to lie the complex senes of biologic chan’ts 
produced by ionization to the influence of any 
specific radiochcmically altered metabolites It 
IS increasingly apparent however, that the 
radiochemical approach is the one most likely 
to provide a satisfactory explanation for the 
tremendously complex biologic changes that 
follow the exposure of living matter to ionizing 

ndiation The term ‘chemical effects of radia 

tion includes the effects that might be n 
peeled as n result of the formation of such 
things as peroxide, activated molecules and 
free radicals 


Since water is the principal component of 
protoplasm m terms of number of molecules 
the study of radiochcmistiy logically should 
begin with an investigation of the effects of 
radiation on water The following discussiottis 
based largely upon the concepts of Weiss [14] 
The action of ionizing radiations on 
results ultimately in the production of hy 
droxyl (OH) free radicals and hydrogu 
atoms (H) 


In the ordinary water molecule the six 
orbital electrons of the oxygen atom are share 
with the single orbital electrons of two by o- 
gen atoms to form the chemically stable oc e 
arrangement H O H In the ordinary chemica 
ionization or dissociation of water one y 
drogen atom can break away from 
mainder of the molecule leaving its e ec r 
behind and thus forming a hydrogen ion 
and leaving a hydroxyl ion (OH) The sta « 
octet arrangement of electrons abou 
oxvgen atom is intact and the two 
formed are relatively inert .ug 

readily with other water molecules Unde 

influence of ionizing radiation however 
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energy supplied is sufficient to cause a h) dro 
cen atom to break away from a water molecule 
to form a neutral hydrogen atom with a 
single orbital electron and leave behind a 
neutral hydroxyl group with only seven orbital 
electrons around the oxygen atom Since the 
laws governing chemical stability require that 
the hydrogen atom have two orbital electrons 
and the oxygen atom eight both groups be 
come enormously reactive chemically A senes 
of electron transfer processes may be sum 
marized as 

HOH+radiation-* H+OH 

Free radicals and atoms owe their chemical 
reactivity to the fact that they can lower the 
energy barrier or peak that must be crossed 
in order for a chemical reaction to take place 
The existence of free radicals in the presence 
of complex normal molecules facilitates the 
exchange of atoms and chemical groups with 
the formation of new free radicals and makes 
possible a chain reaction conceivably affecting 
hundreds of molecules The probable ex 
icnsion m space of such reaction chains may 
assume proportions on the order of one ten 
thousandth to one thousandth of a centimeter 
Chemical exchanges and rearrangements of 
this magnitude could be extremely important 
to the functions of organized biologic systems 
ft IS believed that the hydroxyl free radical is 
of the greater importance in the propagation 
of chain reactions 

In the presence of dissolved oxygen free 
radicals m an aqueous system promote the 
formation of hydrogen peroxide (H.O ) 
'vhich m Itself is a cellular poison but which 
also can dtcomposc to form hydroperoxyl free 
radicals The production of hvdrog<.n peroxide 
when water is irradiated in the presence of 
oxygen has been demonstrated chemically 
In living systems ranging from micro- 
organisms to mammals [4} it has been shown 
that the oxvgcn tension prevailing at the time 
0 the irradiation markedly influences its 
'otogic cfTecls In the absence of oxvgcn or 
Under reduced oxvgcn tension biologic injury 
sienificantlv decreased 

In vic\k of our knowledge of the chances 
structure that can be broucht 
about bv the presence of free radicals and 
oowine the profound ditlcrcnces m phur 
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macologic action that may result from slight 
alterations m a drug molecule it is not at all 
fantastic to speculate that radiation induced 
changes in the molecules of normal metab 
olites may produce antimetabolites and thus 
account for much of the biologic effect of 
ionizing radiations 

FACTORS AFFECTING RADIATION 
INJURY 

It would be inappropriate m this chapter to 
dwell at length on the ultimate effects of 
ionizing radiation on tissue The interest of 
the cancer therapist is prmcipally m the death 
of cancer cells and how to accomplish this 
With a minimum of damage both early and 
late to adjacent and overlying normal tissues 
Newer technics with the high energy sources 
rotational therapy and the like now permit 
concentration of the dose in depth so the 
problem of damage to skm and other tissues 
overlying tumors is largely overcome There 
still remains the fact that there is only a small 
margin of safety in the dose of radiation 
needed to kill cancer cells and that which will 
kill normal cells or of perhaps even more 
importance produce ultimately harmful laic 
effects such as constricting cicatrization 
telangiectasia with its tendency to bleeding 
and malignant degeneration 

Although the ionizing event is practically 
instantaneous the effects m biologic systems 
are not immediately apparent Ihis is sink 
ingly illustrated by the fact that members of 
the staff of the Nagasaki hfedical School who 
survived the first few minutes after the atomic 
bomb exploded took refuge on a hill several 
hundred yards farther away with no particular 
difficulty A few hours later several sickened 
and in a few davs were dead Others did not 
have important symptoms for a matter of 
two to three weeks 

The same is true with radiation applied 
locally Dt-pcnding on the dose administered 
and the tvpc of tissue or tumor irradiated 
hours days and even weeks mav elapse bt 
fore the effect is apparent 

For example let us take such an obvious 
effect as cell dtaih W ith cxircmch high doses 
of radiation cells mav be killed immediatelv 
On the other hand with more moderate doses 
the cell may die durine its next attempt at 
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Irradtalion 


mitotic division When this occurs chromo 
somal abnormalities arc readily demonstrable 
as a rule Some irradiated cells undergo a few 
apparently normal divisions and then die A 
possible explanation of this phenomenon 
might be as shown m Figure 15 6 let us 
assume that a single gene controls the produc 
tion of a single characteristic or biochemical 

DELAYED CELL DEATH 

FOLLOWING RADIATION 



F>g IS 6 


function or enyme system within the cell and 
an lonuing event knocks out a gene control 
ling the production of a hypothetical sub 
stance A that is essential for the normal func 
tionmg of the cell and is free in the amount 
of four basic units The cell may then undergo 
two normal divisions by sharing the substance 
A among the four daughter cells thus pro 
duced Each daughter cell then possesses only 
the minimal amount of A that permits normal 
function Upon attempting to complete a 
third cellular division the cell dies 
Among the most striking things about radia 
tion injury whether incurred locally or sus 
tamed by the whole body are the marked 
mdividual differences m susceptibility of the 
irradiated systems With whole body irradia 
tion in mammals a factor of two is not un 
common m comparable animals of the same 
species The same is true m general for 
apparently similar normal cells or tumor cdls 
while among different cell types a factor of 
10 000 may pertain between the minimum 


lethal dose and that uhich will kill all the cells 
In radiation therapy it is the few remaining 
extremely resistant malignant cells that bafUe 
the radiotherapist Some of the apparently 
most radiosensitive tumors are distressing 
examples of this It is relatively easy to cause 
the tumor to melt away because of thw 
extreme sensitivity of the great majority of 
the cells Nevertheless a few weeks or 
months later the neoplasm is again flourishing 

Perhaps the greatest hope for a substantial 
improvement m the treatment of tumors by 
radiations evolves from the fundamental ob 
servation that the radiosensitivity of those 
tissues that normally exist in a condition of 
hypoxia or low oxygen tension is increased by 
factors of from one and one half to three 
when the tissues are irradiated while in an 
atmosphere of pure oxygen at increased pres 
sures Experiments by British investigators 
I?) have shown that the destniction; of trans 
plantable animal tumors by radiation is 
markedly increased when the animals are 
placed in a pressure chamber at three atmos 
pheres oxygen pressure during irradiation 
Subsequent clinical trials in which cancer 
patients were given radiation therapy while 
maintained m a pressure chamber at three 
atmospheres oxygen pressure have been ea 
couragmg 

The reversibility of the biologic effects of 
ionizing radiation is more apparent than real 
Following radiation injury a tissue may soon 
be functioning normally and present a normal 
histologic appearance This has been accom 
phshed however not by actual recovery of 
the injured cells but by replacement b) 
regeneration from surviving normal cells 

It is true that there are degrees of radiation 
injury for which the individual cell can com 
pensate or correct, apparently living out a 
normal life span Furthermore there is good 
experimental evidence that repeated small 
doses of radiation although very definitely 
cumulative m effect do permit of some m 
covery after each dose In this way it may c 
possible for an animal or tissue to survive a 
total dose several times that which if it ® 
been given all at one time would have prove 
lethal or extremely damaging On the other 
hand every exposure of normal tissue to loniz 
ing radiation leaves that tissue more sus 
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ceptible to radiation injury than it was before 
while from the genetic standpoint once a 
gene has been altered by radiation the altera 
tion IS to all intents and purposes permanent 

THE NATURE OF RADIATION INJURY 

The characteristic effects of radiation in 
jury m mammalian systems can be sum 
manied as follows 

I The cell Depending on the severity of 
the injury the cell will demonstrate in vary 
mg degree a number of the usual nonspecific 
signs that accompany injury from a variety of 
causes These include such things as altera 
tions m permeability of the cell membrane 
vacuolization and liquefaction of the evto 
plasm fragmentation of the nuclear substance 
and coagulation of chromatin (More subtle 
changes have been shown by means of tissue 
enzyme studies to occur following doses of 
radiation as low as a few r [I]) 

A great deal of attention has been given 
to the changes that occur m the cell nucleus 
because they ate most hkelv to give a hcv 
to the Ute effects of radiation It has been 
amply demonstrated that damage to genes is 
irreversible once it has occurred With regard 
to chromosome damage it appears that detect 
able effects on chromosomes ate hhewise 
irreversible and as far as germ cells are con 
cerned the results are lethal or are manifested 
as semisterilit> 

Nucleoproteins as such especially as they 
occur in viruses and bacteria arc iclatively 
resistant to ionizing radiation It takes many 
thousands of r to destroy microorganisms 
hieverthelcss nuclcoprotcin metabolism is sen 
ously interfered with by relatively moderate 
dosages of radiation 

2 Tissues and organs The effects of loniz 
mg radiation on tissue masses and organs is 
essentially a summation of the alterations 
described above The seventy of the injury 
will depend on the radioscnsUivity of the 
tissue the magnitude of the dose the length 
of time elapsed during administration of the 
total dose and the reparative powers inherent 
m the particular tissue m question The radio 
sensitivity of any given tissue or mass of cells 
IS not a constant but will vary with its meta 
bolic activity the stage of growth and the age 
of the cells concerned There will be more or 
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less repopulation by normal cells depending 
on the regenerative powers of the surviving 
cells For example it can be calculated that 
a single dose in the neighborhood of 30 r to 
mice would result m the appearance of twice 
as many mutations as would be expected to 
occur spontaneously [12] Several hundred r 
of radiation to the gonads w'lll cause per 
manent sterility A similar dose to lymphoid 
tissue will wipe out all but the stem cells 
which promptly repopulate the node while 
a like dose to the normal skin will not even 
produce an erythema or have any permanent 
effect other than a lowered resistance to 
further irndiation 

An important and unique characteristic of 
the repair processes that follow radiation 
necrosis is that cell death is occurring simul 
taneously with efforts at repair This may go 
on for weeks months and even vears The 
inability of the tissue to provide itself with an 
adequate and stable blood supply is of great 
significance and contributes to the picture of 
repeated healing followed bv breakdown so 
characteristic of severe local radiation injury 
The end result as is well known may be 
neoplasia 

■[Hiere are several mechanisms that con 
tribute to favorable results in treating cancer 
with ionizing radiation Probably the least 
important one is immediate cell death unless 
literally cauterizing doses are to be used 
Delayed cell death at the time of the first 
few mitoses following treatment plays a very 
important role Ihis effect to all intents and 
purposes sterilizes the cancer cells most sus 
ccpiiblc to chromosome damage resulting in 
their ultimate disappearance Other factors 
that contribute to the destruction of the tumor 
include damage to the blood supply especi 
ally where large doses are used and the less 
well understood biochemical changes that alter 
the cell metabolism 

WHOLE BODY IRRADIATION 

Brief mention should be made of the effects 
of ionizing radiation when administered to 
the whole body It appears that doses of a 
few hundred r or greater whether received 
as at Hiroshima and Nagasaki all at once or 
over a period of years favor the development 
of leukemia For man the median lethal dose 
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of gamma rays m the neighborhood of 
400 r This dose is not known to produce 
regularly serious permanent radiation injury 
to any organ of the body, excepting of 
course the germ cells Yet 50 per cent of 
persons receiving such radiation will die On 
the other hand this dose will temporarily wipe 
out lymphoid and hemopoietic tissue and 
destroy some of the intestinal epithelium Re 
covery of the latter takes place in a few 
days, while it may be several weeks before the 
former tissues are fully restored Tf a person 
survives the acute illness with its pancjto 
penia its hemorrhagic state and its absence 
of the normal mechanisms for combating 
bacterial invasion he is once again an ap 
parently normal individual Nevertheless an 
increased incidence of leukemia has occurred 
among these survivors Whether there will 
With the passage of time be a significant in 
crease in other forms of malignancy is not 
known The radiation cataracts that hive ap 
peared among certain individuals all of 
whom were within 1 100 meters of ground 
zero at the time of exposure and consequently 
subjected to neutron exposure in addition to 
gamma rays arc incidental to the whole body 
exposure and not peculiar to it In other words 
the same amount of neutron and gamma 
radiation to the eyes only would have pro 
duced the same effects Similarly genetic 
effects would be expected to reflect directly 
the dose of radiation received by the germ 
cells 

It is only recently that sufficient data have 
been accumulated to show that shortening of 
life span and accelerated aging result from 
exposure to ionizing radiation [18] The fol 
lowing tabulation shows the life shortening 
m radiologists who have received cumulative 
doses in connection with their occupation of 
approximately 1000 r 

Average Age at Death 
Physicians having no known 
contact with radiation 65 7 years 

Specialists havmg some expo 
sure to radiation (dermatol 
gists urologists etc ) 63 3 years 

Radiologists 60 5 years 

U S population over 25 years 
of age 


Irradiation 

It is apparent that partial body exposures of 
human beings to approximately 1 000 r even 
when administered very slowly over a period 
of many years shortens life expectancy by 
about 8 per cent 

THE NEED FOR MORE INFORMATION 
In the past decade we have come a long 
way toward beginning to understand the 
action of ionizing radiations on biologic sys 
terns The increasing attention given to the 
effects on the mtra and extra cellular fluid 
environment of cells and the better under 
stood metabolic processes has given a number 
of helpful clues as to the mechanisms involved 
Wc know that radiation is much more lethal 
to virus particles when in dilute solution than 
when the virus is irradiated in the dry state 
The studies of the cflfects of radiation on 
water and sulfhydryl enzyme systems have 
been particularly noteworthy Meanwhile a 
great deal has been learned about the end 
results of exposure of biologic systems to 
various amounts of ionizing radiation We 
have learned how many r of one or another 
form of radiation are needed to produce 
genetic change cause cell death neoplasia 
and the like m a variety of organisms Be 
tween these two realms of knowledge how 
ever there remain large gaps to be filled in 
With the tremendous impetus of the atomic 
energy programs both here and abroad the 
development of our know'Iedge of the biologic 
effects of ionizing radiation has become of 
more than mere academic interest The impli 
cations of atomic warfare plus the ever 
increasing use of ionizing radiations in the 
laboratory in the clmic and in industry 
demand that we understand the actions of 
ionizing radiation in all its forms on living 
matter Only with this knowledge can we 
intelligently protect those who work with 
radiation treat radiation injury and exploit 
radiation in the diagnosis and treatment of 
cancer 


65 6 years 
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CHAPTER 16 


The Clinical Application of Low-Voltage, 
Short-Distance X-Ray Therapy* 


Eugene P Penc/ergross 
and 

Richard H C/iamber/oin 


The uses of low voltage short distance 
X ray therapy are limited to the treatment of 
those accessible tumors m which it is desirable 
to limit the depth penetration of the x ray 
beam Arrangements to maintain a short dis 
tance between the x ray tube target and the 
tissue surface limit the penetration by inverse 
square law relationships The use of low 
voltage potentials accomplishes a similar 
objective by producing x ray beams of longer 
average wavelength that have increased ab 
sorption m the superficial layers of tissue The 
wavelength principle can be extended by alter 
mg the inherent and added filtration as 
developed in recent x ray tube designs employ 
ing thin beryllium windows for transmission 
of the useful beam It is perhaps somewhat 
more accurate to refer to this field of therapy 
as long wavelength short distance x ray 
therapy but various forms arc known as 
contact therapy and by the name of the 
equipment used 

A tumor that is superficial or accessible 
through a natural body orifice may be con 
sidered for this form of treatment if it is pos 
sible to cover the area of the tumor and if its 
peripheral permeation falls within the range 
of penetration available with the x ray ap 
paratus The usual limitation of x ray therapy 
to tumors suitable for radiation therapy must 
still prevail as the concept of low voltage 
short distance thcrapj is a quantitative one 

• CniToniAL NoTi" Since the prepiratlon Of this 
chapter geNeral min r cinnge hi\e been made In 
the technics and Indication for the use of low 
\oltige short dht met. t r i> iheriiy 


in respect to the radiation delivered to tissue 
Some extension of usefulness is possible by 
making deeper tumors accessible through sur 
gical incisions 

From the physical aspect an ideal pattern 
of tissue irradiation would be achieved if a 
uniform and homogeneous dosage of radiation 
could be delivered to the chosen area without 
appreciable radiation to surrounding or deeper 
tissues Such control is not possible but in 
many ways low voltage short distance x ray 
therapy most closely approaches this objective 
and has other advantages over surface radium 
technics and other radiation methods m re 
spect to case and quickness of treatment 
radiation safely precision in application ver 
satility and reproducibility 
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Fg 16-1 Ranget of D S voluei for lowvellago 
ihert d tteneo equipment (Afte Smithers) 
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Fig 16-2 Isodoje curve* for lew voltage »hert-ditlanc« iheropy (upper Ml end rigfit) Chaoul tube (fewer 
Ml and right) Phil ps tube (eoorteiy W V Moyneord) 


PHYSICAL CONSIDERATIONS 

In describing the physical distribution of 
radiation delivered the usual expressions of 
Icilovoltage and half value layer are inadequate 
because of the marked alterations introduced 
by small changes m distance filter and field 
size or shape as well as by voltage A more 
suitable description proposed by Mayneord 
and Smithers expresses the effective penetra 
tion of the radiation m terms of the depth of 
tissue at which the dose is reduced to one half 
of Its surface value This is known as DV4 


m centimeters and for specific equipment may 
be varied over a fairly wide range (Figure 
16 1) More complete and satisfactory descnp 
tion of dosage distribution is afforded by 
isodose contours which are the only means by 
which all the variables are adequately in 
eluded A group of representative isodose 
curves is shown m Figure 16 2 
The rapidity with which the dosage falls 
off after reaching the DVi point is of impor 
tance in limiting the radiation to the desired 
area This may be expressed as the ratio be 
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tween the 90 per cent absorption depth and 
the 50 per cent absorption depth as proposed 
by Jennings [11] in his fall ofT ratio This 
IS illustrated for a variety of voltage and 
filter conditions with a beryllium window tube 
in Figure 16 3 It is also shown m the isodose 
contours 

EQUIPMENT 

The clinical use of the short range principle 
was described by Schaeffer and Witte m 1929 




CSTIMATE.D ISOOOSE FOR BeayUIUM 
Window Tube {AEG-30)-t0»«"v 

ThckneS* wins«'« 


Fig 16 2 (Cenl</) 

snd Zimmer described an intracavitary tube 
as early as 1932 In present usage the Siemens 
Monopan the Philips contact and cavity 
apparatus and beryllium window tubes of 
Machlett Laboratories and the General 
pectnc X Ray Corporation are most widely 
Known 

The tube illustrated m Figure 16 4 from the 
designs of Chaoul and Adam is used in the 
Siemens Monopan apparatus and clinical 
treatment with it is sometimes known as 


Chaoul therapy Energized by a 60 Kv 
generator the cathode emission strikes the 
inner surface of a nickel foil target 0 15 mm 
thick and the x ray beam used for treatment 
IS transmitted through the target a layer of 
water used for cooling and then through 
another metal foil that encloses the water 
jacket This arrangement also grounds the 
target and permits application at very short 
target skin distances but is achieved at the 
expense of high inherent filtration It is not 




Sery hum window tube 

possible to lower the voltage much below 60 
kv without too much reduction m the intensity 
of the beam and most of the longer wave 
lengths are absorbed by the inherent filter 
(HVL 3 3 mm Al) In clinical use there 
fore the limitation of depth penetration is ob 
tamed largely through the short distances 
used and their inverse square law advantage 
Applicators for 1 5 3 0 and 5 0 cm target 
skin distance are most useful and are available 
in numerous sizes and shapes An output of 
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fig 163 Bcrydium Window tub« foctor* (Court**)' It A J*nning* Royal Northam Hot 
pilot London) 



Fig 16-4 Diagram of Chooul tub* ()> eonnettion 
to transformer (2) water iack«t (3) cothode (5) woter 
tuppi)^ (6) w ndow (7) onod* (8) surfoc* of ar*o 

approximately 1 000 r min can be expected 
at 1 5 cm target skin distance with 60 kv 
and 4 0 ma Other tubes for intracavitary use 
can be obtained with the Siemens apparatus 
using a conical target that produces a radial 
distribution of radiation similar to the isodose 
pattern of a radium cell 
Another type of design is shown m the 
Philips tube illustrated in Figure 16 5 la this 
tube a ring filament emits the cathode stream 
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that impinges on the front surface of a central 
target The useful beam is transmitted only 
through a thin glass front window and a 
plastic cap which contains the cooling flow of 
air that is passed across the front of the tube 
A lower voltage 45 kv is employed and the 
inherent filter is considerably reduced so that 
half value layers as low as 0 2 mm A1 are 


made it possible to use beryllium in windows 
as thin as 1 0 mm inserted in the x ray 
tube for transmission of the useful beam 
Practical designs of such tubes manufactured 
by the General Electric X Ray Corporation 
and MacHelt Laboratories are now m use and 
a diagram of a Machlett OEG 60 tube is 
shown in Figure 16 6 In this tube the cathode 
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V/Ave LCNGTH amcstrom units 

Fig 16 7 Traiwmiuion of radiation by berylliuin window lubes 


obtained Outputs of approximately 8 000 r 
mm may be expected with 45 kv at 1 8 cm 
T S D and 2 0 ma The minimum target skin 
distance is 1 8 cm and the usual assortment 
of cones is for 2 0 cm 4 0 cm and greater 
distances Added filters of 1 0 and 2 5 mm 
of aluminum are supplied Within the ranges 
so provided the depth penetration of the radia 
fion can be adjusted to the tumor by either 
inverse square law effect alteration in efftc 
live wavelength or both 
Technical advances in recent years have 


stream is emitted by a laterally placed cathode 
and impin^s on a target set at 45 from the 
end face through which the useful beam 
emerges after having traversed only the beryl 
Iium window Cooling is effected by water that 

15 pumped through the back of the target 
The output of tubes of this type is astonish 
ingly high because of the large proportion of 
long wavelength radiation transmitted (Figure 

16 7) and because tube currents as high is 
50 ma may be employed with voltages of 10 
to 100 kv for different tubes As much as 2 
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change m cellular maturation [21] Unfortu 
nately, this approach docs not seem to be 
practical on present evidence for routine use 
It IS highl) desirable to give adequate radia 
tion treatment in the first course, for the 
treatment of recurrences is never as satis 
factory as the primary result In the limited 
volumes of tissue irradiated with the low 


Clinical Application of Roentgen Ra)s 
if It will furnish suitable DVi or isodose 
contours to the planned zone of treatment If 
the tumor projects above the surface of the 
sk,m initially and regresses during treatment, it 
may be advantageous to alter the isodose plan 
in the latter part of the treatment course 
Presuming that the area is not too large and 
that daily increments of about 500 r (m air) 



Fig 16 9 BawUt'l earclnomo of iVIn (1*^0 tfeotmonl after treolment (CKobuI tube) 


voltage short distance method tissue recovery 
1 $ good even with rather high dosages and one 
can carry the treatment to levels of lOOOO 
maximum and 8 000 minimum r tissue in 
small fields if the physical calibration is rch 
able Tumors of unusual resistance may be 
encountered but most failures are attributable 
to errors in technic or judgment With proper 
attention to details the long term results arc 
comparable or superior to altematise surgical 
or radium methods and usually considerably 
better from the cosmetic standpoint 

CANCER OF THE SKIN 
Any form of low voltage short distance ap 
paratus may be chosen for treatment of basal 
cell or squamous cell epitheliomas of the skm 


arc given a small tumor may require 6 000 
tissue r maximum and 4 500 tissue r minimum 
in the tumor itself The upper limit of treat 
ment may be 10 000 tissue r maximum and 
8 000 tissue T minimum In each of these 
instances the DVi 3 000 r in the first instance 
and 5 000 r m the second will be adjusted to 
the limits of the reasonable margin beyond the 
tumor The first dosage scheme may be chosen 
for a basal cell epithelioma or used for a 
patient who shows a quick rise of severe skin 
reaction and early reduction m induration of 
the tumor (Figure 16 9) The higher dosage 
level may be used for a rather resistant squa 
mous cel! carcinoma When multiple porta s 
are required or unusually large smgle portals 
are chosen the total dosage may be reduced 


TABLE 16 1 — Comparative Effectiveness of X Ray amp Rauium Therapy for Basal cell 




AND SqjAMOirs cell CARawoMAs OF Skin 






Number 
of cases 

Net number 
of cases 

fiimber 

symptom 

free 

Number 

recurrent 

3 year 

symptom free 
rate 

per cent 

Basal cell 

Radium 

2 534 

2 151 

1 575 

576 

63 

carcinoma 
of skin 

X ray 

316 

217 

200 

17 

92 

Squamous cell 

Radium 

952 

801 

545 

256 

5f 

catemoma 
of skin 

X ray 

138 

108 

74 

34 

69 


20 to 30 per cent The results of treatment 
of a group of cases reported by Smithers are 
shown in Table 16 I and are compared with 
results m a scries of cases treated with sur 
face radium A more favorable p’oup of squa 
mous cell carcinomas considered to be Stage 
I showed better results with low voltage 
short distance therapy 80 per cent being 
symptom free at the end of five years 

Epitheliomas that appear to nse from sweat 
gland or skm adnexal origin sometimes show 
unusual resistance to irradiation and if their 
histologic nature is identified surgical re 
moval may be considered for primary man 
agement unless the location or other features 
outweigh this consideration In the definitive 
management of malignant melanomas surgery 
IS by far the treatment of choice and radia 
tion therapy should be used only if the object 
is palliative regression of tumor mass and 
not cure 

CANCER OF THE NOSE AND EAR 

The underlying cartilage and bone in these 
sites modify the spread of superficial tumors 
and introduce new problems of radiation 
reaction m these special tissues When the 
tumor has not invaded cartilage or bone, 
the method of treatment can be planned as 
for the skin in general When the tumor has 
invaded cartilage it is still possible to achieve 
good results but extensive tumor destruction 
of cartilage may result m defects that heal 
poorly if this can be anticipated it is often 
preferable to employ surgery as the primary 
treatment It is in extensive superficial spread 
of tumors that the particular advantages of 
low voltage short distance therapy are mani 
fest The nose is a frequent sue of epithclio 
mas arising from sweat gland or skin adnexal 
Origin 

CANCER OF THE EYE 

The precision of low voltage short distance 
Ihcrapj IS unusuallj valuable about the cm 
where treatment of the lid sclera or surround 
ing skin may be needed while destroying as 
little normal tissue as possible both for func 
tjon and for ippearince The lens must be 
protected as much as possible and similar 
consideration given to the naso-lacrimal ap 
paratus For tumors of the lid the globe of 

^ 9 t^tO tr clU-c«(l <artino>na «f iKt il n (upper) 
bet© e ffeotme » (lewe ) oiler Irealment (Choovt I be) 
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the eye should be shielded with lead or 
heavy metal cups inserted beneath the lid 
The direction of the beam and the choice of 
radiation factors can also be used to reduce 
the radiation to the deeper structures Some 
postradiation atrophy of the skin, loss of eye 
lashes and similar changes arc to be expected, 
but ectropion, interference with lid closure 
tearing and simitar complications are reduced 
to a minimum and their occurrence is related 
to the extent of the original tumor destruction 
rather than to the postradiation effects In 
treating tumors of the inner canthus some 
radiation to the naso lacrimal apparatus will 


Clinical Application of Roentgen Rajs 
be applied is helpful rurlhcrmore, the time 
required for each treatment is short and this 
helps m avoiding motion of the patient during 
therapy With multiple portals a range of 
tissue dose values within (he tumor, of 6 000 
r minimum to 8 000 r maximum is usually 
adequate, given within 2 to 3 weeks Five year 
symptom free results have been reported by 
Smithcrs for 74 per cent of Stage I squamous 
cell carcinomas of the lip 

CANCER OF THE VULVA 
It has been our experience that the skin of 
the vulva IS a poor site for radiation therapy 



Fig 16 11 Squamou»-<eII carcinoma of Iragvt of ear (I»f0 before Ireolmenf (righl) ofter freoTmenf (Chooul lube) 


be unavoidable but complications are not 
to be expected unless the tumor has invaded 
the duct or sac Malignant tumors of the 
sclera can be treated more safely and effee 
tively by low voltage short distance technics 
than by any other method The beryllium 
window tubes are most versatile m this in 
stance m offering a range of D'/i values that 
gives the least irradiation to the lens 

CANCER OF THE UP 

Malignant neoplasms of the Iip are un 
usually accessible and if the Iip can be pulled 
out almost any form of x ray therapy can be 
applied The low penetration concept can be 
used to advantage however in planning cross 
firing portals through two or three axes and 
the ease with which the multiple fields may 


of any type and that excessive radiation re 
action and intolerance can be expected This 
has been true for low voltage short distance 
methods as well as for conventional irradia 
lion and surgical excision is to be preferred 

CANCER OF THE RECTUM AND 
BLADDER 

In some European clinics and at a few 
centers in the United States low voltage short 
distance therapy has been used for cancer o 
the bladder and rectum by applying it through 
surgical incisions and some rectal carcinomas 
may be accessible to direct treatment without 
surgery 17 8 14] In the latter case there are 
difficuUies in accurate placement and m esti 
mation of the extent of the area that nee s 
to be covered both of which have been suf 
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f'a 16-12 Baial<ell ep the' omei ol no e (vppe ) 
before Ireotmenl (fewe ) after Ireotm nl (ChaevI tube) 

ficicnt drawbacks to dimpcn enthusiasm for 
more Widespread use When surgical incisions 
arc used the tube may be encased in sterile 


sheaths but all the treatment must be given 
m a few applications and the preparations for 
therapy are rather cumbersome We have had 
little experience m this field 

CANCER OF THE CERVIX 
The direct application of radiation to the 
cervix [13] is feasible with any one of the 
forms of apparatus described and the conical 
tip Siemens tube was designed for such use 
Nevertheless the treatment of carcinoma of 
the cervix is seldom a local problem within 
the scope of the effective radiation from these 
tubes and more adequate coverage is offered 
by radium and more penetrating x ra\ 
methods In deciding on a plan of treatment 
adapted to the anatomic relationships m the 
pelvis we have thought that greater flexibilitv 
was afforded by other means 

HEMANGIOMAS OF THE SKIN 
Cavernous hemangiomas and strawberry 
types of these benign growths respond very 
well to moderate doses of radiation therapy 
and low voltage short distance thenpy has 
been of particular usefulness m these cases 
because of its safety and precision There u 
little danger of delivering harmful radiation to 
underlying growing parts when the penetra 
tion IS properly adjusted to the dimensions of 
the hemangioma and the total amount of 
treatment is Kept to moderate levels Usually 
increments of 200 to 300 r repeated at in 
tcrvals of 6 to 10 weeks will produce satis 
factory regression at total dosages not m ex 
cess of 1 500 r The best results are obtained 
if treatment can be started in the first few 
weeks of life Sufficient time must be given 
for response to each treatment to be evaluated 
and the end result may not be manifest for 8 
to 12 months or longer The high dose rate 
of most of the equipment is helpful m treating 
infants in a short period of time and with 
immobilization by wrapping and sandbags as 
well as holding the applications can be given 
exactly to the desired area Ihc protection of 
personnel must be observed but is relatively 
easy In our experience with over one thou 
smd infmts over a period of twenty years 
the end results have been most satisfactory 
Only one case of radiation injury to an under 
l)ing epiph)sis has been seen 




Fig 1« 13 Basal-cell epithelioma of lower lid (left) before Ireotment {r/gh») after treatment {Chaoul tube) 



OTHER NONCANCEROUS CONDITIONS 

The principles of low vollagc short distance 
X ny thenpy have applications to radiation 
thenpy of other nonmalignant conditions such 
as vascularization of the cornea interstitial 
keratitis vernal conjunctivitis and other 
benign lesions of the eje They have also been 
used for some benign skin diseases In the 
treatment of all benign conditions it is neces 
sary to be salislicd that the indications are 
adequate for radiation therapy and then to 
use the method th'it will furnish the best 
distribution of radiation possible It is m this 
respect that the flexibility and easy adaptabilitv 
of the low voltage short distance apparatus is 
most desirable In the treatment of the cornea 
the favorable superficial radiation of beta 
sources such as radon or strontium 90 may 
be duplicated by ber) Ilium window x ray with 
the added features of being able to define 
the field more precisely giving the treatment 
m a shorter lime without motion of the eye 
and having better calibration of the amount 
of radiation given with the latter source 


Fig 16-14 Baial-e»ll «pithel oma af (clera (vpptr) 
befer* irealmenl (lowr) after treolment (beryllium 
window tube— Maeblett AEG 50) 


CHAPTER 17 

The Clinical Application of Medium-Voltage 
X-Ray Therapy (140 to 400 Kv) in 
Cancer Treatment 


frank J Borrelli 
ancf 

R Vmeenf Grteeo 


INTRODUCTION 

Medium voltage x ray therapy is the form 
of roentgen irradiation most frequently used 
m the treatment of cancer and is the type of 
irradiation that has been most extensively 
studied 

The terms low medium and high 
voltage therapy are arbitrary designations that 
indicate either the clinical type of treatment 
administered or the physical nature of the 
equipment employed 


designations 

1 Contact therapy 

2 Superficial therapy 

3 Deep therapy 

4 Deep therapy 


Physical or equnaicnt 

designations 

45 to 60 kv 

1 ovv voltige 80 to 

140 kv 

Medium or high volt 
age 140 to 400 Kv 
SupervoUage 700 to 

2 000 Kv or higher 


Medium voltage x ray has a wide spectrum 
For titinor 


1 Size of tumor 

2 Rate of growth of the tumor (predomi 

nantly mitotic activity) 

3 Depth and location of the tumor 

4 The bed of the tumor including vascularity 

extent of fibrous tissue bone or car 
tilage involvement 

5 Circumscription or invasion of the tumor 

6 Microscopic diagnosis and perhaps to somi, 

extent the degree of differentiation 


of application because the nature of its beam 
permits the deliverance of ionizing radiations 
to most locations that are the sites of malig 
naot neoplasms In fact it would seem that 
a renewed appreciation of medium voltage 
X radiation therapy has evolved as a result of 
shortcomings of certain newer technics (radio 
active isotopes supervoltagc x rays betatron 
etc ) which It was believed might obviate 
some of the limitations and resultant compli 
canons inherent in the medium voltage range 
These newer modalities may m lime prove 
superior but at present medium voltage x ray 
therapy is still the most efficacious method of 
treating most neoplasms by roentgen radiation 
It requires a nicely of dosage planning to 
effect the maximum damage to the tumor 
associated with the maximum beneficial 
change of the normal contiguous tissues (with 
minimum damage to the tumor bed) Pater 
son has listed some of the local factors respon 
sible for the selective differential that permits 
the utilization of x rays to destroy tumors 

For normal tissue 


1 Area or volume of tissue irradiated 

2 Regenerative powers centers of growth 

3 Depth and location of tissue or organ 

4 Vascularity presence of cartilage bone 


5 Functional status of tissue or organ 

6 Degree of differentiation of tissue (embry 

onic adult etc ) 
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There is thus, i dcQnite difTcrcntial range 
by which i given dose of irndntion will 
destroy cancer cells and not irreparably dam 
age the tumor bed This difTcrcntial depends 
upon the inherent sensitivity of tumors (lym 
phosarcoma very sensitive, melanoma very 
resistant) and the condition of the contiguous 


Clinical Application of Kncnfgen Rajs 
given amount of irradiation is canccricidal and 
tolerated by the organism arc (I) the total 
dose administered, and (2) the time necessary 
to deliver that dose If it is considered that a 
tumor dose of 6,000 r will destroy a given 
tumor, it is necessary to administer the dose 
over a long lime interval (fractionation, pro- 



Fig 171 Paiiibla cxprattion of lha ralolionthip balwaen x ray doioga 
and lalhol efFact on Tb nodai tantiliva lumort raipontjva turnon normal 
skins oftd restilont tumors 

TB nodes Tubareuloui nodai oddad to show lha doioge ronga to obtain 
o fovorobla rasponsa tn <hron>c Inflommolory tissue TID Is tumor lelhot 
dose Stntiif tumors eg tymphosoreomo or seminomoi dote odminiS' 
fared in 2 to 3 weeks Retpontri'a fumon eg {imoll or medium stxt) 
dote odmmistered in 32 days Normof tkm reeetion with moderolo-siitd 
portal This ipeetogrophle representation of phyneol doioge range «i net 
intended to portroy eioel lim Is and doses used in treatment but rather 
to give o sense of the order of mogn tude of the deie-retponie rotio of 
severol types of tumors and normal skin {from Petersen [B8] ) 


tissue bed le a healthy well vascularized 
tissue bed will not be damaged by the ionizing 
radiations to the extent that an infected or 
avascularized tumor bed will be Even under 
ideal conditions the differentul response be 
tween neoplastic and normal tissues is not 
very great 

Computing Dose of Irradiation Delivered 
to Tumor 

Since the effects of irradiation upon neo 
plastic processes depend upon the amount of 
ionizing radiation delivered to and absorbed 
by the tumor it is necessary to measure the 
quantity of radiation delivered from the ma 
chine to the air (D ) thence to the skin 
(D ) through a variable amount of sub 
cutaneous tissues to the tumor (Z) ) 

As noted m Figure 17 1 there is very httle 
margin of safety between tumor lethal dose of 
many malignant tumors and the tolerance or 
dose that can be safely administered to the 
skin without producing irreparable damage 
The two factors that influence whether a 



Fig 77 2 Relationship between time ond dose reck 
oned as average ikm tolerance of irrad ated sk n 
surface etc) The quantity of irrod ofion est moled in 
roentgens toleroled fay normal skin increases with the 
increase in the overall time used to odmin ster the 
rodiolon eg on orea of the skin 5 cm in d ometer 
con tolerate 6 000 r administered m a period of 3" 
doys but the some dose odm n stered to the some oreo 
in 1 day would produce severe domage and necrosis 
The lorger the area of normal skin irrodioted the 
smaller the dose toleroted Note olso reeuperofion of 
the tumor If the over-all t me is prolonged to 40 days 
then the total dose necessary to produce lethoi 
in the tumor should be ot least 7 000 r for a smoll 
sized squamous cell carcinoma Obviously adm nistro 
t on of this dose in o shorter time is olio lethal to the 
tumor but may produce necrosis m odioeenl norma 
tissue (From Peterson [68] } 
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TABLE 17 1 — Tissue Dose in Roentgens Corresponding to a Free Air Dose of 100 
Roentgens at 50 Cm Focus-Skin Distance 




Open Port 



Co\ er on 
treatment cone 

Ik inch Bakehte 

Co\er on 
treatment cone 
^4 inch Bakehte 

















Irradiated area 



Irradiated area 


Irradiated area 




(sd 

cm ) 



(sq 

cm ) 



(sq cm ) 



5 

25 

100 

400 

5 

25 

100 

400 

5 

25 

JOO 

400 


120 kv peak 

no filter 

H V L 1 0 mm AI or 0 035 mm 

Cu 




0 

111 

117 

124 

128 

111 

118 

126 

130 

112 

118 

127 

132 

1 

62 

71 

81 

87 

68 

78 

87 

94 

73 

80 

93 

99 

3 

29 

37 

47 

55 

33 

42 

52 

59 

37 

45 

56 

63 

5 

16 

21 

28 

35 

19 

24 

33 

39 

20 

25 

36 

42 

7 

9 

12 

19 

24 

11 

14 

21 

27 

12 

15 

23 

30 

10 

4 

6 

10 

15 

6 

7 

11 

18 

7 

8 

13 

21 


150 kv peak 5 mm A1 filter 

HVL 

0 3 mm Cu 





0 

115 

125 

136 

150 

IIS 

126 

138 

154 

116 

127 

140 

159 

1 

93 

114 

131 

148 

93 

113 

131 

151 

94 

110 

130 

151 

3 

61 

83 

105 

126 

61 

78 

101 

123 

61 

77 

98 

123 

5 

39 

56 

76 

98 

39 

55 

74 

96 

39 

53 

73 

95 

7 

25 

39 

56 

75 

25 

38 

55 

74 

25 

37 

S3 

75 

10 

14 

22 

35 

52 

14 

21 

34 

51 

14 

22 

34 

51 

12 

8 

15 

26 

41 

8 

13 

26 

39 

8 

14 

25 

40 


200 kv peak 0 5 

mm 

Cu filter H VI 

0 9 mm Cu 





0 

114 

124 

136 

149 

114 

125 

138 

153 

115 

126 

141 

158 

1 

95 

115 

133 

150 

95 

II4 

132 

150 

94 

MI 

133 

152 

3 

63 

87 

109 

131 

63 

84 

105 

129 

63 

82 

103 

128 

5 

43 

61 

82 

107 

43 

60 

77 

104 

43 

58 

77 

103 

7 

29 

43 

63 

85 

29 

42 

61 

83 

29 

42 

59 

82 

10 

17 

26 

41 

61 

17 

25 

40 

58 

17 

25 

39 

58 

12 

13 

20 

33 

50 

13 

18 

30 

48 

12 

18 

30 

48 

15 

6 

11 

22 

33 

6 

10 

21 

32 

6 

10 

21 

32 

20 

3 

5 

11 

15 

3 

5 

11 

15 

3 

5 

11 

16 



200 kv peak 2 0 

1 mm 

Cu filter H V L 18 mm Cu 





0 

109 

117 

126 

136 

109 

117 

127 

138 

110 

118 

128 

139 

1 

90 

109 

124 

137 

91 

107 

122 

137 

91 

106 

120 

135 

3 

61 

82 

102 

121 

62 

80 

90 

117 

63 

77 

96 

114 

5 

42 

60 

79 

101 

42 

59 

76 

97 

42 

57 

74 

93 

7 

28 

43 

60 

80 

28 

42 

58 

79 

29 

41 

57 

75 

10 

17 

27 

43 

60 

17 

26 

41 

58 

19 

26 

40 

57 

12 

13 

20 

34 

50 

13 

19 

33 

48 

13 

19 

32 


15 

7 

13 

24 

34 

7 

12 

24 

34 

7 

12 

23 

35 

20 

3 

6 

11 

19 

3 

6 

II 

18 

3 

6 

II 

IS 

s >irco o ( li 
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traction) to take advantage of the destructive 
ness of the rays to the cancer cells during 
their different rnitotic activities and yet permit 
regeneration of the surrounding normal tis 
sues (Figure 17 2) 


PHYSICAL FACTORS OF IRRADIATION 

The physical factors (some of which may 
also alter the quality of the x ray beams) 
largely responsible for the quantity of x rays 
delivered to the skin and the undcrij mg tissues 
are (1) kilovoltage (2) filtration (3) 
target skin distance (TSD) (4) size of 
portal (5) depth of tumor below the surface 
of the skin 

1 hihxoUage (Table 17 1) As the kilo 
voltage is increased from 120 to 200 kv there 
IS an increase in the percentage depth dose 
delivered at various distances below the skin 

2 Filtration (Table 17 I) As the filtration 
increases there is a relative increase m the 
percentage of depth dose delivered in com 
panson to the skin dose To increase the per 
centage depth dose by increasing filtration or 
target skm distance it is necessary to increase 
the time of administration to obtain a given 
number of roentgens (f) (See Table 17 3 ) 

3 Size of Portal (Table 17 1) As the size 
of the portal increases there is an increase m 
the dose of roentgens both on the skin and in 
the tissues at various depths for the same dose 
(eg 100 r m nr), owing to scatter of the 
primary x ray beam m all directions 

4 Depth Below Skin Surface (Table 17 1) 
As the depth below the skin surface increases 
there is a decrease in the percentage dose de 
livered at various levels 

5 Target Shn Distance or Focus-Skin Dis 
tance (Tabic 17 2) As the target skin distance 
increases the percentage of dose delivered at 
various depths below the skin increases 

Medium voltage x ray units are flexible to 
a degree that full advantage can be made of 
each of the above factors and by their manip 
ulation the most desired beam for a particular 
tumor can be obtained 

Tumor Sensitivity ond Tumor Curability 

There is no direct relationship between 
radiation sensitivity and curabiiitv of tumors 
The size of the tumors is very important lor 



fifi 17 3 PoiiibU rslationshlp of lethal effect of 
ttiay (totog* ond greit tixe of tumor At the 
diotnoler of the iquomoui-<elI carcinoma Increoto 
lh« dotage in toenlgeni necoitary (o produce a Uthol 
•ffocl in Iho tumor Increaiei Nolo Ihot when the lesion 
above 6 cm in d ameter Iho dosage necessary to 
produce lethal effect In (he tumor is such that it would 
couse necrosis In the odjoeenl normal tissues (tee 
Table 17 5] (From Paterson [68? ) 



Fig 17*4 Diogrommatie representation of the mom 
xray field arrangements A Single feld Mull p'» 
fields SI and B2 Cross fre C Paired opposing 
D Tangent fields S Poired oblque by pass ng 
Space between opplicator ends and skin may be 
filled up with bolus or moterial thot will allow for 
a mare uniform spread of the irradiation in the tissues 
The set d block portiorr represents the tvmer the lined 
section the normal issue ond the eylindricol fgures 
Ike sixe and position of the x ray cones or opplicotors 
on the skin (From Paterson l68] ) 
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TABLE 17 2. — Factors for Determining Depth Doses at Various Focus Srin Distances 
IN Terms of Each Depth Dose for 50 cm Distance as 100 Per Cent 
(S kin dose 100 per cent for every distance) 


Focus Skin Distance in Ccnlimcters 


jDcp(/i 
(cm ) 

15 

20 

25 

30 

40 

50 

fiO 

70 

60 

100 



Percentage of Depth Dose at 50 cm 




0 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1 

91 5 

94 4 

96 0 

97 4 

99 4 

100 

101 

101 

101 

102 

2 

84 1 

89 3 

92 8 

95 0 

98 I 

100 

101 

102 

103 

104 

3 

78 1 

83 0 

89 4 

927 

97 S 

100 

102 

103 

104 

106 

4 

72 5 

81 0 

86 8 

90 6 

96 6 

100 

102 

104 

106 

108 

5 

68 2 

77 4 

84 0 

88 7 

95 9 

100 

103 

105 

107 

109 

6 

64 0 

74 2 

81 5 

87 0 

94 7 

100 

104 

106 

108 

112 

7 

60S 

71 3 

79 2 

85 1 

94 0 

100 

104 

107 

no 

114 

8 

57 1 

68 3 

77 2 

83 8 

93 4 

100 

105 

108 

111 

115 

9 

54 5 

66 2 

75 2 

82 3 

92 7 

100 

105 

109 

112 

117 

10 

51 8 

64 0 

73 5 

80 9 

92 I 

100 

106 

no 

114 

119 

11 

49 6 

61 8 

71 7 

79 8 

916 

100 

106 

m 

115 

121 

12 

47 5 

60 0 

70 2 

78 4 

90 9 

100 

107 

112 

116 

123 

15 

42 3 

55 2 

65 9 

75 3 

89 6 

100 

108 

115 

120 

127 

17 

39 4 

52 4 

63 3 

73 0 

88 7 

100 

109 

117 

122 

131 

20 

360 

19 0 

60 5 

70 5 

87 0 

100 

no 

120 

125 

136 


Note The table RUes (actors onI> and not the actual pt^rcenl ise This table can only 1 «. 
used In conjunction nlth depth do e table 

Sounnt. O Gla s«r E H Qulmby L 8 Taylor and J L %\eathen\a< rAysicat Foiin tctlotie 
of / adioloov nd ed New Tork taut L Iloeber Inc 19 ’’ (Coiirlesy the authors and 
publisher ) 


TABLE 17 3— Effect of Variation in Filter on Dirni Dose 
(200 kv (peak) 100 sq cm Field 50 cm F S D ) 


Depth 

(cm) 


A — Niimhrr of r at 
depth per 100 r 
on surface 


H — Number of r at 
depth per 100 r 
m air 


Filter (mm Cii) 


tiller (mm Cii) 


05 10 20 40 05 1 0 20 40 


r per 100 r on surface 


r per 100 r in air 


0 

5 

7 

10 

15 

Relatisc limes of dcliser^ 
of same niimhcr of 
roentpens 


100 100 

K9 89 

hO 61 

46 47 

^0 32 

16 17 


0 74 1 14 


too too 

90 92 

63 65 

48 50 

^4 17 

19 20 


48 


136 132 

121 UK 

82 RO 

63 fl 

41 42 

22 22 


I (I ) s 


126 120 

113 Ml 

79 79 

fO 59 

44 44 

23 24 


28 5 8 


I are o < 1 1 

/ I /iclf foev »l 1 
I u> 11*1 r } 


II t,uln I ) 
New Tnrk 


I H T»>lor and J U \\ utl 
i uul It II«hI r In<- IFS** 


rw»x / Ay irnf Fu< ■ I iK t 
(toirl y tl K authore and 



J")* Clinical Application of RotufjMiRnj 

rARU 17 t — SrvMn»f»i/MioN KrroMi DoctoR Hr^isiri'cs Cai riiRVTios Rfport 
(N oi«. the dicrcnc in dose of r/mm tlelivercd ik the rSI) Increased from 50 to 70 cm) 


STANOARDfZATION REPORT 
Tt T M«eleftl collsee 
Tlwer fttd rlfth ire ro»plt»l 
rlfth Av« at lOSth Str««t 
Tork, i. T 



IOkrm £] nidoa «f 

Kaux ( «q<uTil«u •> trn*. j0«l5 ca CU 

Tbt «I|I< ( (rftn I, A* ianrtMaMl a* «/ 

iu taw e<Al<M4 an ol^nte cf ' — - Ha U-1 




(Plr 17 3', “■ <l«rO) iKm 

Lfs y i f conversclj as hrjer sol 

to'^rance •l.mmshos n'ablc'n'?)'''"’"'' 

Rad, otion Portal, 

.oca..oaof.haaecp.as„,,,"~;;h= 


approach is possible eg 
cancers . , . .yniors 

2 Afuln/7/t fields arc of 

so located lh^l multiple- or sev 5 

ento or beams can be J Fierro' 
IhroUBh the tumor from dih"'" 
sites on the skin . jose 

The advantages arc that 
the tumor c in be much Tii«' 

chances of obtaining tumor e ^^5 con' 
IS less damage to the norm 
prising each portnl . 

The disadvantages include the e<tr 
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TABLE 17 5 — Skin Tolerance Doses 



ETPept ^nturdi>s ind Sundays Icour e of treatment t irtlnc on a Mnidn^ ) 


^OTB The tolerance decrea es as the ist of area Is Increa ed Therefore dc c*i preater than the 
t I ranee doses are \er> llkelj to produce necrosl As the o\er nil time of ndntinl trutlon of ih «I ( r 
fracti nntinn) Increase the normal «kln can lolernte larger do es because Hurt is s m reeui ritl ti r 
recovery of the tissues after e%ery irradiation Despite some reco\ery and re'er II ilil> of the iliniip 
ciu ed by Irradiation there are other Irrever ibi reactions that are not !nimcfli\iel> apparent I ut Ihii 
t'entusllj limit the amount of radiation that cm be dellaered The bottom row maj U cvn 1 1 r I as 
llie limit of this tolerance 

^iRcr n Pater on rrcofmejit o/ Vafioimiit Pis o» bu I othum aa I \ Pnin I<onlnn riwirl \riinl I 

*Co lots ,, 3j 


TABLE 17 6 — Hale Value La\er Outained nv Variation in Voltacl and Filtration 


Kilo\olis 


Fillers 


Half \ nine la\ er 


200 0 5 mm copper (Cu) ) 

1 mm aluminum (Al) f 

1 mm Cu I mm Al 

2 mm Cu I mm Al 

2^0 Thoracus filler 

(Composite filler) 


1 mm Cu 

1 7 mm Cu 

2 mm Cu 


I 


0 44 mm Tin (Sn) 

0 25 mm Cu 

1 0 mm At 


2 8 mm Cu 
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TABLE 17 7 


Clinical Application of Roentgen Ra^s 


Depth Dose 

11 V L 10 mm Cm 

(Approximately 200 k\ OJ mm Cu filler) 
Roentsens at depth ptr 100 r tn a\r 

Depth Dose 

II V L 2 0 mm Cu 

(Approximately 200 k\ 2 0 mm Cu filler) 
Roentgens at depth per 100 r in air 

Area 

Sq Cm 
(Diam 
Cm) 

20 

(5) 

50 

100 

(113) 

225 

(17) 

400 
(22 5) 

Area 
Sq Cm 
(Dtam 
Cm) 

20 

(S) 

50 

(S) 

100 

(IIJ) 

225 

(17) 

400 

C>2J) 

Air 

Dose 

100 

100 

100 

lOQ 

100 

Air 

Dose 

100 

100 

too 

100 

100 

Depth 

Cm 


40 cm 

distance 


Depth 

Cm 


40 cm distance 


0 

122 

130 

136 

144 

149 

0 

tt6 

t2l 

126 

132 

m 

1 

111 

124 

132 

142 

149 

1 

105 

115 

123 

131 

136 

2 

97 

110 

120 

133 

140 

2 

92 

103 

Ml 

120 

128 

3 

84 

96 

106 

121 

128 

3 

76 

88 

98 

109 

118 

4 

67 

79 

91 

105 

115 

4 

65 

75 

86 

98 

106 

5 

55 

69 

77 

93 

102 

5 

54 

65 

76 

87 

97 

6 

46 

59 

68 

82 

89 

6 

46 

56 

66 

78 

84 

7 

39 

50 

58 

71 

79 

7 

38 

47 

57 

68 

75 

8 

33 

43 

52 

63 

72 

8 

32 

41 

49 

59 

67 

9 

27 

35 

44 

55 

61 

9 

28 

35 

44 

54 

60 

10 

23 

30 

38 

47 

56 

10 

24 

31 

39 

48 

54 

11 

20 

26 

33 

42 

46 

11 

21 

28 

35 

45 

49 

12 

17 

22 

28 

36 

40 

12 

19 

24 

31 

40 

44 

15 

11 

16 

21 

28 

30 

15 

12 

16 

21 

28 

31 

17 

7 

9 

14 

19 

21 

17 

9 

12 

16 

21 

23 

20 

5 

6 

9 

14 

17 

20 

5 

7 

10 

14 

17 



50 cm distance 




50 cm 

distance 


0 

122 

130 

136 

144 

149 

0 

116 

121 

126 

132 

136 

I 

112 

125 

133 

144 

150 

1 

107 

116 

124 

132 

137 

2 

99 

112 

122 

134 

143 

2 

94 

104 

113 

126 

136 

3 

86 

99 

109 

124 

131 

3 

80 

91 

102 

112 

IZl 

4 

70 

83 

95 

HO 

119 

4 

67 

79 

90 

102 

111 

5 

57 

72 

82 

97 

107 

5 

58 

69 

79 

92 

101 

6 

49 

61 

72 

85 

95 

6 

49 

59 

69 

82 

90 

7 

42 

53 

63 

76 

85 

7 

42 

51 

60 

72 


8 

37 

46 

56 

68 

76 

8 

35 

44 

S3 

65 


9 

29 

38 

48 

59 

66 

9 

31 

39 

48 

58 

65 

10 

24 

33 

41 

51 

61 

10 

27 

34 

43 

52 

60 

11 

21 

27 

35 

45 

51 

11 

23 

30 

38 

47 

53 

12 

18 

25 

31 

40 

45 

12 

21 

27 

34 

44 


15 

12 

18 

24 

31 

34 

IS 

13 

18 

24 

30 


17 

S 

10 

15 

20 

22 

17 

10 

13 

19 

24 


20 

5 

8 

U 

16 

19 

20 

6 

8 

11 

16 



Gi\e«i the quality of the t ray beam <H\ I^) voltage and filter and the depth dose in pereentag 
of 100 r in air at 40 and 50 cm TSD for various sizes of ports The first row 0 is the surface or 
skin do e Note that the surface dose is larger than the air dose owing to backscatter of tne 
primary beam Also the surface dose Increase3 ovith ati Increase in the size of the port The dose 
at \arIou depths in cm below the surface are also given as percentage of the 100 r (air) dose 


Eg H.\ t 1 0 r 
Area 20 cm 
T S D 40 cn- 
Depth 10 cr 


In this manner the tumor dose and the sktn dose tnay be calculated If the total amount of r 
In air administered Is known as well as quality of beam size of port. T *5 D and depth of tumor 

SounCE O Glass) r E H Qulmby D. S Taylor and J It Weatherwai. Plil/slcal Poundalloni of ACQ' 
ology ’nd ed New York Paul B Hoeber Inc 135* iCmtrteay the authors and publishers ) 
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TABLE 17 8 — Illustrates Three Main Methods or Prescription 






tunxor dose 

SAi/i rfoje 


Applicators 

fields 

Cisen 

doie 

Per cent 
con 


Per cent 
con 






tribiited 


inhiited 






to 

Tumor 

from other 






tumor 

dose 

fields 

Total 

t Cancer of fauces 

3 field to T D 

Rt post lat 


4 930 

51 3 


Max 16 

5 700 

6 000 r in 5 weeks 

Lt post lat 


4 930 

37 \ 

6 000 

Max 10 

4 930 

2 Nasopharynx 

Submental ant 

6X5 cm 
at 40 

4 930 

34 J 


Nil 

5 400 



122 




growth with 
nodes 


Rt lat 

10x15 at 

2 560 1 

each 

2^00 

17 

each 

2 large onnosini: 

fields to max 
skin dose 3 000 r 
in 8 dajs 

Lt lit 

50 cm 

2 560 i 

49 



3 000 

3 Abdominal radii 








tion baths 

3 field 

Ant oblique n 

35x25 cm 1 

1 Each 


140 


145 

Time indefinite 

Ant oblique It 

at 80 dist 1 

1 40 r/day 






Posterior 

35 at 80 1 

1 increasing 







dist J 

' 10 r/da> to 
Max 100 r 






AMth thi> help of UKUfo 1 S nnd TnWo IT 7 for example the (ntnor nm) rto e al)nNO can be cnlctilnte] 
In prererinnu lor x Ihrinvy the \t o anS ©Net Ml time are Orel and the rpeelfte dt tails ct ftd 

mini trail n th n calculitol knjnin? the size of tumor <1 nh etc 
A^tncr n. Tit n. n Treofne t< «/■ J/nKij iomI fl(«e<t«c ftj, / o fium o*irf \ roi»» rx>n(lon T imard \rnriHA,C) 


cufac) required to focus the radiation beams 
on tumor Owme to the possibility of x raj 
beams comergmg in regions outside the 
tumor hot spots ma\ dcselop ic rccions 
of sctcrc damage to normal tissue or cold 
spots (incITcclisc doses) m ccrtiin portions of 
the tumor 

Half Value Layer 

llic qualiti of an x raj beam »s expressed 
b\ the term half saluc later (HVf-) The 
more pcnctratmc the beam the hicher ttiH be 
Its dcsicnatcd half taluc later Tabic 17 (1 
illustrates certnm common filters and soltaccs 
used in medium toUage thcrapj ind the cor 
rcsptsndmc htU tnliic liter of the beam 

Hcplh dose and isodosc chirts obtained 
from ctpcfimenfs performed on phantoms 
stmulatinn the conditions in the human bodt 
( sec 1 able 1 7 7 and F icurc 1 7 ^ ) ire it jilabU 
and the most s-uisfactnrt beam for a giten 
MiualiOTt ciTi be chosen FiMc 17 K demon 
slfaict the mclluHl of manipiilatme the dif 


/crew phjsical factors to obtain the most 
cITicicnt beam delivered to tumors of dilTcrcnt 
anatomic sites The sanations of technic ncccs 
silatcd b) the type of tumor md the anatomic 
sites arc etident Figures 17 6 17 7 and 17 R 
present m detail the radiation programs d^ 
sclopcd to treat most cffcctitcl) different can 
cers located at different depths uithm the 
bod\ ind located m tissues of different dvn 

SltlCS 

GRID TECHNIC 

Since It IS difficult in some eases to dcliser 
canccncidal doses with the conscniionil me 
dium soli X ra) Ihenpi to deep seated tumors 
without irrcparabU injurmq the oserhmg 
normal tissue invcsticilors hi\c tried \anous 
methods to increase the di.pih dose without 
cxcecdinc the tokrance of normal tissues Of 
the mins mod:fii.ations attempted the grid" 
ippsirs to be the most promismc fhts is a 
dtMtc consisiini, of a scrtcntnc Mihstmee 
siivh IS Ic id rubber which has multiple open 
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TABLE 17 7 


Clinical Application of Kocntgcn Ra)s 


Depth Dose 
ft 1 L 1 0 min Cu 

(Approximately 200 k\ OJ mm Cii filter) 
Roentgens at depth per 100 r In atr 

Depth Dose 

II VL 2 0 mm Cii 
(Approximately 200 ki 2 0 mm 
Roentgens at depth per 100 

Cm filter) 
r in air 

Area 
Sq Cm 
(Diain 
Cm) 

20 

(5) 

50 

f?) 

100 

(113) 

225 

(17) 

400 

{22J) 

Area 

Sq Cm 
(Diam 
Cm) 

20 

(5) 

50 

(S) 

100 

(lU) 

225 

(17) 

400 

(225) 

Air 

Dose 

JOQ 

100 

100 

100 

100 

Air 

Dose 

100 

100 

100 

100 

100 

Depth 

Cm 


40 cm 

distance 



Depth 

Oil 


40 cm 

distance 



0 

122 

130 

136 

144 

149 

0 

116 

121 

126 

132 

136 

1 

111 

124 

132 

142 

149 

1 

105 

115 

123 

131 

136 

2 

97 

no 

120 

133 

140 

2 

92 

103 

111 

120 

128 

3 

84 

96 

106 

121 

128 

3 

76 

88 

98 

109 

118 

4 

67 

79 

91 

105 

115 

4 

65 

75 

86 

98 

106 

S 

55 

69 

77 

93 

102 

5 

54 

65 

76 

87 

97 

6 

46 

59 

68 

82 

89 

6 

46 

56 

66 

78 

84 

7 

39 

50 

58 

71 

79 

7 

38 

47 

57 

68 

75 

8 

33 

43 

52 

65 

72 

8 

32 

41 

49 

59 

67 

9 

27 

35 

44 

55 

61 

9 

28 

35 

44 

54 

60 

10 

23 

30 

38 

47 

56 

10 

24 

31 

39 

48 

54 

11 

20 

26 

33 

42 

46 

11 

21 

28 

35 

45 

49 

12 

17 

22 

28 

36 

40 

12 

19 

24 

31 

40 


15 

U 

16 

21 

28 

30 

15 

12 

16 

21 

28 

31 

17 

7 

9 

14 

19 

21 

17 

9 

12 

16 

21 


20 

5 

6 

9 

14 

17 

20 

5 

7 

10 

14 




50 cm distance 




$0 cm 

distance 



0 

122 

130 

136 

144 

149 

0 

116 

121 

126 

132 

136 

1 

112 

125 

133 

144 

150 

1 

107 

116 

124 

132 


2 

99 

112 

122 

134 

143 

2 

94 

104 

113 

126 

136 

3 

86 

99 

109 

124 

131 

3 

80 

91 

102 

112 


4 

70 

S3 

95 

no 

119 

4 

67 

79 

90 

102 

ill 

5 

57 

72 

82 

97 

107 

5 

58 

69 

79 

92 


6 

49 

61 

72 

86 

95 

6 

49 

59 

69 

82 


7 

42 

53 

63 

76 

85 

7 

42 

51 

60 



8 

37 

46 

56 

68 

76 

8 

35 

44 

53 

65 


9 

29 

38 

48 

59 

66 

9 

31 

39 

48 

58 


10 

24 

33 

41 

51 

61 

10 

27 

34 

43 

52 


11 

21 

27 

35 

45 

51 

11 

23 

30 

38 



12 

18 

25 

31 

40 

45 

12 

21 

27 

34 



15 

12 

18 

24 

31 

34 

15 

13 

18 

24 



17 

8 

10 

15 

20 

22 

17 

10 

13 

19 



20 

5 

8 

11 

16 

19 

20 

6 

8 

11 

16 



Gives the ciuallty ot the x ray beam (HVI^) voIttEe and filter and the depth dose in P* ^ 

of 100 r in air at 40 and 50 cm TSD for various sizes ot ports The first row 0 Is “e surrace 
skin dose Note that the surface dose Is larger than tiie air dose owlnff ‘Vi,* /loses 

primary beam Also the suffice dose Increases with an Increase In the size of the port i ' e 
at various depths In cm below the surface are also given as percentage of the 10® (air) flo 


Eg H.-V 1/ 1 0 mm Ci 
Area 20 cm port 
TSD 40 cm 
Depth 10 cm 

In this manner the tumor dose and the skin dose may he cilculated if the total ^ 

in air administered Is known as well as ifuality of beam size of port TSD and depth of tumo 
Sourcp O Glasser E H Quimby L S Taylor and J D •tteatherwav Physical Foundations oj i 
oiogu nd ed New York Paul B Hoeber Inc 135 (Coarfesy the authors and publishers ) 
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The Clinical Application of Medium ^ ollage X Uaj Therapj 


TABLE 17 8 — Ilulstrates Three Main Methods of Prescription 






Tumor dnse 

Skin dose 


/frpfifo/orr 

Fields 

Gnen 

Joie 

Per cent 
con 


Per cent 
con 






iribiHed 


tnbiited 






to 

Tiinwr 

from other 






tumor 

dose 

fields 

Total 

I Cancer of fauces 

3 field to T D 

Rt post lal 


4 930 

51 T 


Max 16 

5 700 

6 000 r in 5 weeks 

Lt post lat 


4 930 

” f 

6 000 

Max 10 

4 930 

2 Nasopharjnx 

Submental ant 

6x3 cm 
at 40 

4 930 

34 ; 


Nil 

5 400 



122 




growth with 
nodes 


Rt lat 

10X15 at 

2 560 1 

each 

2 500 

17 

each 

2 larcc oprosinc 

fields to max 
skin dose 3 000 r 
in 8 da>s 

Lf lat 

50 cm 

2 $60 5 

49 



3 000 

3 Abdominal radia 








tion baths 

3 field 

Ant oblique rt 

35x25 cm j 

1 Each 


140 


145 

Time mdcfimte 

Ant oblique U 

at 80 disl 1 

> 40 r/day 






Posterior 

35 at 80 ( 

' incrcasine 







dist j 

^ 10 r/daj to 
Max 100 r 






with the hell* of Hs»ir 1 S nn<l TiW** l 7 for llw* lutnor nnl I'kln rto e nbo>e cm be enleivlitrd 

in rrfprrHlnir f<r X m> Hifrnu \\yr> tolM «\ o ivnct Ml iW are plnriTvid IlrM nviA Vbe eiKcHl rtelnlU of ad 
rnini tmtion to n cnlciilitM know Ins Ihr rite of tumor I iili etc 
Rnrcr n. I it r« n Trcntnif ii ©/ Jfniijt «««« /lUrojc bw / oHum on I \ To »♦ Irfindon Flannl Vronll * C 
l'l« p 9 


cgrac) required lo focus the radiation beams 
on tumor 0«ing to the possibilitj of x ra) 
beams converging m regions outside the 
tumor hotspots maj develop jc regions 
of severe damage to normal tissue or cold 
spots (sncfTectivc doses) m cernm portions of 
the tumor 

Half Value layer 

The qualit) of an x rav beam is expressed 
hv the term half value Inver (HVU) The 
more pcnctratinc the beam the liichcr will be 
Its desicnnted half value laver Tnblc 17 f, 
iHiivirafcv ccrinin common filters and voliaccs 
ti'cd m medium voltacc ihcrapv and the cor 
rc'pondinc half value laver of the beam 

Deplh dose and ivodovc charts obtained 
from experiments performed on phantoms" 
simubime the conditions in the human hods 
(secTab’e 17 7 and rieure 17 are available 
and the most vatisfaclorv beam for a gisen 
situation can be chosen Table 17 K demon 
strates the methcxl of manipulatinc the dif 


ferent ph)sical factors to obtain the most 
cflicicnt beam delivered to tumors of dilTcrcnt 
anatomic sites The variations of technic ncccs 
siiatcd b> the tv pc of tumor and the anatomic 
sites arc evident Picurcs 17 5 J7 7 and J7 8 
present in detail the radiation programs dv 
vclopcd to treat most cfTtctivclv difTcrcnt can 
cers located at different depths within the 
bod> and located in tissues of different den 

SltlCS 

GRID TECHNIC 

Since it IS difficuU m some cases to deliver 
canccncidal doses wuh the conventional me 
dium volt X raj thcrapv to dtcp seated tumors 
Without irrcparabls mjurinc the ovcrlvinc 
normal tissue invcsticators have tried various 
methods to increase the depth dove without 
cxwdinc the tolerance of normal tissues Of 
the manv modifications aiiempted the enJ 
Jppsars to be the most promivmq This is a 
dsvt'c cofisistmi; of a scrccninp suhsijiuc 
such as lead rubber which has multiple open 
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mgs arranged m an orderly checkerboard 
fashion (Figure 17 9) The mlacl segments 
of the screen protect islands of normal (issue 
from the primary beam These islands of 
normal tissue then act as centers of regcncra 
tion for subsequent recovery of the irradtaUd 
tissues Kohler in 1909 first attempted this 
technic by placing a steel wire mesh on the 


Clinical Application of noentgen Kajs 
seated tumors using opposite fields and oc 
casionnlly a third lateral field and delivered a 
maximum of 18 000 r in air per port pro- 
(ricting the (rentments over a period of 35-45 
days Note that this is more than four times 
the maximal dosage usually administered per 
port by the conventional methods of medium 
X ray Ihcrapv He warns against Marks 



fig 17 S chortt ISO kv c«ntlcn> poltniiof OJ mm Cu 

09 mm Cu hvl 100 >q cm ftld 50 cm foeut ikin di»tenc* liedM* 
(or tam« doio) l«veU er« eipronod o» p«rc«n>oge of ikin or oif do>e 
The air dole tn the lefthond groph would be epproximolely 77 r Note 
that the centrol axx of the beam indieoted by Interrupted )inei(— — -*) 
ihows the greqtett dote at each depth level ond that the dotoge dccreotet 
a> the distance from the central axis increctet Note olio thol olthovgh 
the applicotor limits to some extent the volume of tissue irradioled (mdi 
eoted by the cblque lines /\) the amount of trrod ation iproying the 
adjacent normal tissues as a result of scattering of the primary beam 
may be considerable not only on the »V>n but especiolly in the depth 
of tissues This scattering increoses with the increase in size of ports 
(Prom Glosser Quimby Toylor and Weolherwox [25] } 


skm of animals administering massive doses 
v/hich he called fractionation of the x rav 
dosage m space In 1933 Liberson reported 
the use of W'hat he called a multiple per 
forated lead screen and investigated its phys 
ical and biologic effects 

Marks recently suggested the use of a lead 
rubber grid that partly eliminates secondary 
irradiation from the lead Clinical reports on 
the application of the grid technic by Hams 
Jolles and Marks have show'n encouraging 
results Harris was impressed by the degree of 
palliation afforded to the patients and toler 
ance of the normal tissue for the very large 
doses of X ray used He has treated deep 


rnethod of using 24 000 r per port m air m 28 
days because of the deleterious effects on the 
skin and underlying tissue 

One of the mam disadvantages attributed 
to the use of the grids is the inhomogeinity of 
the X ray dosage throughout the tumor bed 
However it appears from the measurements 
of Loevmger and of Cohen and Palazzo that 
with an increase in depth to 10 cm the hills 
and valleys m (he isodose curves flatten out 
because of the relatively increased scatter o 
the primary beam Another disadvantage de 
scribed by Jacobson and Lipman is that the 
depth doses at 10 cm vnth the grid are 
approximately 50 per cent that of the con 
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F.g \7 6 CareinoM ef Iw (oryieno.d) Thre. field beom directed x ray treoW.nt w th mdro.e 

(or plotter of Pons) and wax collar 


Desired dosoge 

Tumor dote of S500 r in S weekt 
Equal g ven dotes on each f eld 
CALCULATION Not en botaneed dote boti 
1 Tumor Dosage 

fie/d Applicolof 

Right anterior obi quo 7 X 5 cm 

left anterior oblique 7 X S cm 

Poiterior 7 X 5 cm 

1437/ = 5500 r 


From applicator end 


Tumor depth 


5 0 cm 
4JS cm 
9 0 cm 

lOOA = 3 B30 


54 2 ') 
56 5 > 
31 0 ) 


143 7 
per cent 


2 Skin dotage 


Fiefd 

Right anterior oblique 
left anterior obi que 
Posterior 

1 Allowance made for 1 3 


Direct f Per cent 

Sim p^r cent 0 D From 

Applicator OD other fefds 

7 X 5 cm 90 34 + 18 

7 X 5 cm 90 32 + 16 

7X5 cm 90 2+2 

wax between applicator ond skin 


Civen dote on each feld = 3 630 r 
Maximum thin dote = 5 440 r 

Tumor dote = 5 SOO r 


Total 

skin 

5 440 
5 360 
3 600 


Shows portals used and calculat on of tumor ond this dote Note posterior port is not frequently used because 
of the d rect irrodiotion of the ipmol cord ond relatively small dose delivered to the tumor site (FrCim Potersor* L6%1 ) 


ventional method (see Table 17 9) However 
the advantage of this technic is in the ability 
of skin areas protected by the grid to recover 
thus enabling the tissues to be exposed to 
unusually high doses of irradiation The grid 
technic also permits the utilization of fewer 
portals to obtain adequate lethal dose% for 
deep seated tumors especially when multiple 
portals are impractical It has also been stated 


that the grid method is easier to use and m 
some cases even less burdensome to patients 
who would otherwise receive tedious rota 
tional or multiple port therapj 
Harris uses the following factors 


Av 

IIVL 

TSD 

/ ortal sue 

200 

0 9 mm Cu 

40 

40-400 cm 

400 

4 1 mm Cu 

70 

50 225 cm 
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Fig 17 7 lymphosareoma of nasopharynx (limilcd lymph nod* >nvotv»ment) Radical regionot x roy fheropy 
Three 25 X 125 cm reefongulor feld» ot 60 cm FSD; two onterlor ond one peilerlor 


Desired dose 


Tumor dose 3 500 r 

CALCULATION 

1 Tumor dosage 

Field 

Right anterior 
left anterior 
Posterior 

2 5icin dosoge 


Field 

Right anterior 
left anterior 
Posterior 


Moximum ikin dote 3 500 r 

in 3 weeks 


Applicator 
25 X 123 
25 X 123 
25 X 123 

126 per cent s 3 500 r 


Per eenf 

Tumor depth 0^ 

10 5 cm 40 1 

105 cm 40 > 

P 0 cm 46 ) 

100 percent ss 2 7B0 r 


136 per cent 


Confnbutien 

from other Given Tofol 

field dote dote 

13 4- 8SS21 2 780 3360 

13 4- 6 8 21 2 780 3 360 

13 4- 13 = 26 2 780 3 500 


Turner doso = 3 500 r 

Maximum skin dose = 3 500 r 


DD depth dose 2 780 r given skin dose per port necessary to obtoin depth dose of 3300 f Contribut on 
from other field results from overlapping to some extent af exit and entrance beom os well os to the scotter 
ing of the primory beam and this Is In percentoge (determined from depth dose and isodose charts) 3'"'* 
the dose to be administered per port is 2 780 r to the skin ond the totol duration of the treotment is 3 weeks 
each pert most receive opproximately 500 r skin dose per treatment (from Petersen [68] ) 


Open areas of grid 40 per cent of portal 
area 

Grid openings 1 to 1 5 cm in diameter 
Daily dose 600 1 200 r (air) 

Over all treatment time 28-45 days 
Total doses 12 000 to 24 000 r (air) per 
portal 

For fiat surfaces a gnd with holes of I cm 
IS used 

On irregular surfaces e g axillary and 
inguinal nodes holes are 1 5 cm m size 
In our experience this method has been 
especially useful m the treatment of cancer 
of the lung and bladder In cases of cancer of 
the lung we have tried a combined form using 
the grid device and usual open port with 


medium volt x ray therapy and obtained cn 
couraging results The following fac ors were 
employed 

Two opposite fields (10 by 15 cm) 'vith 
the grid 

12 000 r (air) were given to each portal 
3 500 r (air) was also given through a 
lateral conventional open port 

220 kv 50 T S D Thoreaus filter 
Open area of the grid was 50 per cent of 
the portal area (10 by 15 cm ) 

Gnd openings 1 cm in diameter 
Daily dose 500 1 000 r (air) for grid ports 
Over all treatment time 30-45 days 
With this combined method we have accom 
plished the twofold purpose of exposing the 
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TABLE 17 9 ^T^bi-e of Depth DosEWmi Grid for 100 r Mfasured in Air 

FOR DIFFERENT SiZES OP FIELDS 


(a) under opening under covered portion (c) average 
T S D 50 cm H V L 0 94 mm Cu 


Depth 
in cm 



Area of field m sq cm 



50 

100 

150 

200 

300 

400 



(a) Under opening 



0 

112 

113 

115 

116 

123 

125 

1 

97 3 

99 5 

1013 

103 8 

109 5 

111 5 

2 

83 0 

86 3 

88 2 

92 0 

96 5 

98 7 

3 

70 3 

74 3 

76 8 

80 5 

84 3 

86 5 

4 

60 0 

64 0 

67 0 

70 0 

73 5 

75 5 

5 

510 

55 0 

58 0 

60 8 

64 3 

66 5 

6 

43 5 

47 3 

50 7 

53 0 

55 8 

57 8 

7 

36 5 

40 3 

43 7 

45 5 

48 2 

50 0 

8 

30 3 

34 0 

37 3 

39 2 

41 3 

43 0 

9 

24 8 

28 3 

315 

33 0 

350 

367 

10 

20 0 

23 2 

26 2 

27? 

29 3 

310 

15 

80 

102 

II 6 

12 5 

138 

150 



(6) Under co\ered portion 



0 

165 

18 5 

21 5 

23 0 

23 3 

25 0 

I 

190 

210 

23 8 

25 5 

26 5 

28 2 

2 

20 3 

22 3 

25 3 

27 5 

28 7 

307 

3 

20 5 

22 8 

260 

28 7 

30 0 

32 5 

4 

19 5 

22 7 

25 8 

29 0 

30 3 

33 0 

5 

18 2 

220 

25 2 

27 7 

29 5 

32 7 

6 

165 

20 5 

24 0 

26 3 

28 5 

31 5 

7 

14 5 

18 7 

222 

24 5 

26 7 

300 

8 

12 5 

16 5 

200 

22 0 

24 5 

27 5 

9 

106 

14 5 

17 7 

193 

22 0 

25 0 

10 

90 

12 5 

157 

17 0 

193 

22 0 

15 

40 

60 

80 

88 

100 

11 8 




(c) A\erage 




0 

54 3 

56 0 

59 0 

60 3 

63 0 

65 0 

I 

50 3 

525 

55 8 

57 5 

60 0 

62 0 

2 

45 8 

48 5 

52 5 

54 2 

56 5 

58 8 

3 

41 0 

44 3 

48 5 

50 5 

52 7 

55 0 

4 

36 0 

39 7 

440 

46 3 

48 5 

50 8 

5 

310 

35 0 

39 0 

41 3 

43 8 

46 2 

6 

26 7 

307 

34 5 

36 8 

39 0 

41 3 

7 

23 0 

26 8 

30 3 

32 5 

34 5 

36 8 

8 

19 3 

23 3 

267 

28 S 

30 5 

32 5 

9 

162 

20 0 

23 5 

24 7 

27 0 

28 7 

10 

13 3 

17 2 

20 2 

21 5 

23 5 

25 2 

IS 

55 

77 

94 

10 4 

11 ^ 

no 


Ilepth (\o P cViirt ot prld lp\lfo Open Bre-\ of RrlU vns ^0 por cent Com 
piro with T-iWe IT 7 which M n dcith lo *• eh »rl with con\tnil nil open 
porL Other technical factnrn are npproximitdr the eame N te tl at for ft 
portal ana of 100 ffi cm the do o at 10 cm deith for rcn% ntlonal port la 
tt per c nt wlwreaa the aaeraftc do e at 10 cm la oiil> 1 per cent wUh 
KTl 1 <C rf »w I 1 Jnc h n anl V I tpman ) 
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Fig 17 8 Rfldical g toy tr«olm«n| for bloc)d«f rancor Sclioffiarc cfegrom ihowi fold dutribulon (on* fctil 
thows fhlckneis of applicator vraDi) 0*ilr*d doi* 6000 r 5 w»«ki fiftldi 6 X 8 cm 


Frejcripfion 

Ctven 

Fooior cfiit 
(with 

P*r cant 

Fi*(d 

data 

tomptattion) 

OD 

RA 

4 too 

9 

32 

lA 

* 100 

9 

32 

RP 

3 240 

\0S 

25 

IF 

3 240 

\0£ 

25 

RL 

5 000 

13 

18 

LL 

5 000 

13 

Totol Twniof Do**— 6 044 

18 


LA f«ft onUtior r«td RA right ant*r<«r fold It eitd RL («fl lotrrol and right 
(•ft potterier and right poti*rior r«(di (From PourioA (69]) 


Contribufioir 


UI2 

1312 

8t0 

810 

WO 

800 


let«ral r*ld» IF ®"d 


skin to a milder reaction (12 000 r (air) — 
gnd method usually produces moderately 
severe ycl tolerable skin reaction — Figure 
17 10) and obtaining an cfTectivc tumoncidal 
dose (6 000 6 500 r at 10 cm depth) \Vc 
have preterred the utilization of the con 
ventional open port on the lateral field be 



Fig 17 9 A photograph of the feod rkibbor grd 
15 X 15 cm In tit* thowing eb«ek«rfai9orc( canf^ra 
tion Th* v»h I* oraoi or* open tgoores The total open 
area n 50 per cent of the portal area 


cause of the technical dilTlcultv of properly 
Keeping the grid on the lateral aspect of the 
chest 



Fig 17 10 Thi* .> a "9 'I** 

reoction on the cheit of a patient at th* «nd of 
otter the odm.n .frof.on of 10 000 f .« olr I»o 
Not* checkerboard conTgufotion Techncol foe , j 
kv T S D 50 em Thofoeo* f Iter Op«n « . 

wo* 50 per cent of totol oreo (lO X 15 cm) 
open ngi 1 tm in d ameter 
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ADVANTAGES OF MEDIUM VOLTAGE 
THERAPY OVER OTHER FORMS 
OF X RADIATION 

Fle;(ifcihi> B> aUetmg the WovoUage fiUra 
lion and target skin distance a tumor situated 
cither superficiall) or withm the depths of the 
body can be treated Practically any tuntor 
situated anvwhere m the average sized m 
dividual can receive a cnnccricidal dose of 
ionizing radiations generated by a medium 
voltage X ray unit 

Protection of adiacent structures A 2 oim 
sheet of lead or lead rubber over such vital 
structures as the eyes and testes will protect 
these structures from administered irradiation 
and permits the utilization of irregularly 
shaped ports Many medium voltage xray 
units have built m lead diaphragms and 
lighted locahiers that permit visual adjustment 
of the size shape and direction of the radia 
tion beam 

Thsshn reaction that accompanies medium 
voltage therapy may be considered an ad 
vantage rather than a disadvantage By limit 
mg the total dose and fractionating it so that 
serious damage to the skin does not occur 
vital internal structures arc protected 

The exit dose is usually negligible except 
for certain anatomic locations as the neck so 
that the cross fire technic is peimiued 

The «niv^«<7/i/y of medium \cltagc irradia 
tion has permitted mass production of equip 
ment which places the price range at a level 


where this equipment can be afforded by al 
most any hospital and many individual thera 
pists 

The over all salvage ratio of patients treated 
by medium voltages is similar to that obtained 
by the higher voltage 

DISADVANTAGES OF MEDIUM 
VOLTAGE X RAY THERAPY 

The rapid fall in depth dose renders ac 
curate measurements of the quantity and 
quality of the irradiation at a distance difficult 
and for certain tumors necessitates delicate 
adjustment of cross firing technics to assure 
adequate irradiation and its proper distribution 
so that certain portions of the tumor may not 
be underexposed and other portions over 
exposed (hot spots) by the irradiation 

The relatively small size of the portals per 
mitted by this type of irradiation usually neces 
sitates the utilization of multiple adjacent 
ports This necessitates additional treatment 
periods and increases the risk of over or 
underexposure of the borders of the adjacent 
portals 

The relatively high amount of backscatti-r 
produces a disproportional amount of radia 
tions delivered to the skin and to the tissues at 
variable depths from the skin from that meas 
ured in air This necessitates additional com 
potations in determining surface and depth 
dosages This rapid falling off produces a 
rather heterogeneous beam because of the 


TABLE 17 10 — ^Tumors of Tonsillar Region Results With Roentgen Therapy 




Carcinoma 

Lympfioscircoma 
apparently localised 
to tonsillar region 

Author and 

I>pc of 

Number of 

5 year 
surxixal 

5 year 

Number of siirxnal 

treatment 

patients 

Number of 
patients Percent 

patients umber of 

patients Per cent 

Coutard 

(External irradiation) 
Martin and Sugarbaker 
(External and peroral 
irradiation interstitial 
irradiation of nodes) 
Berven 
del Regaio 

65 

92 

21 30 

15 IS 

49 17 35 

37 IS 40 


36 20-25 86 32 35^0 
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TABLE 17 1 1 — ^Tumors or BAsr oP Tongue TRCATt-R Wmi X Ray 



npulcrmoid carcinoma 

Lytiiphosarcoma 
apparently hccilued 

Ppiderniold cancer of 
xalleciilae and free 
portion of epiglottis 

Author 

l^iimhcr 

of 

patunis 

5 year 
surii\al 

. -5 year 

Number 

Number 

Slimber of 
patients lercent 

patients Number of 

patients Pi r cent 

patients Number of 

patients Percent 

Baclesse 
del Regato 

127 

7 5 

12 4 3J 

102 16 15 


TABLE 17 12— Maugnsnt Nasopharyhccal Tumors Treated Wmi XRay 


iKlAor 

Cnrcinoma 


X.!/mpAoepi(Aelionia 


hyrnphosareoma All groups 

^ winter 
of 

FUtteutf 

i vcflr 
eiirxtv <1 

VntHtcr 

of 

pnlleitts 

S year 
tnri-iiat 

^l»nter 

Cure or S 
yearaurilial 

N wmber 
of 

patients 

S year 
funliol 

Niiwter 

0/ 

imUenCe 

Per 

Ciut 

Sumber 

of 

patients 

1 cr 
cent 

jKifienfs 

\ umber 

p ItlfllfA 

Per 

cent 

N iimb*r pgf 
paUents 

Baclesse and 



IB- 









Dulac 

30 

4 

15 







102 

16 15 

Nielsen 

11 

4 

35 









Lenz 




17 

6 

35 

10 

5 

50 



Nielsen 




15 

4 

25 

10 

3 

30 



Oodtfredsen 










266 

59 22 

Tctal 

41 

8 

20 

32 

10 

30 

20 

9 

40 

368 

75 20 


TABLE 17 13 — Malignant Hypopiiaryngeal Tumors Results of Treatment 
Radical surgical Irealment Roentgen treatment 

5 year stir\i\al 5 year siinnal 


Author 

Number of 
patients 

Number of 
patients Per cent 

Number of 
patients 

Number of 
patients 

Per cent 

Graham 

15 

2 15 




Coutard [15] 



200 

23 

10 

Jacobsson 



322 



Upper hypopharynx 





10 

Lower hypopharynx 





15 

Total 



522 


10-15 





Guzman Advanced cases incomplete 

surgical removal with x ray 



ray Iheratiy rollowlne nurRlaal rcmovaX axi«i 
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TABLE 17 16 — Esophageal Cancer Treatment with X Ray 


Engelsiad 

5 year sunnal 

3* 

242 patients ( tto 2 per cent) 

Rolf Kohler 

296 patients 

1 

Average survival 
after beginning of 
treatment 8 months 

• Only 1 case proved 
histologically 

Interval of 

Per cent life from 

patients time of 

dead treatment 

22 3 months 

50 6 months 

81 1 year 

3 2 years 

2 5 years 


iNTERPBFTATiov ShiiTiKln collected approximately 300 cases of untreated esophageal 
ctncer In which the mean duration of life from apparent onset Avas 12 months \ery few 
patients were alive >enr8 after the apparent onset Both surgery and radiation therapy 
offer little better prognosis However the palliation effect from x ray therapy is very 
helpful 


large numbers of secondary electrons pro 
duced and the range of these secondary elec 
Irons IS fairly short 

The limited depth of penetration limits its 
use for deep seated tumors in large men and 
extremely fat women 

Bone absorbs a large amount of the irradia 
tion from medium voltage x ray This pro 
duces damage to the marrow with resultant 
pancytopenia favors the production of late 
fractures and limits the dosages aimed at 
tumors behind bones 


ROENTGEN THERAPY FOR SPECIFIC 
MALIGNANT NEOPLASMS 

Methods of treating specific neoplasms arc 
presented in detail throughout these volumes 
hence arc omitted from this chapter The rc 
suits obtained by the use of medium voltage 
X radiation cither alone or in conjunction with 
other treatment methods will serve to sum 
mate the applicabiUly of this type of irradia 
tion m the treatment of cancer End results 
obtained by means of medium voltage x radia 
lion are also presented and discussed in detail 
throughout these volumes 



TABLE 17 17 — BROwaiocENic Carcinoma Results or Treatment 



T\IU r >7 18 — n«EAST Cancfr Results op TRrmtcsT 
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TABLE 17 19 — Results or Convcntiosal kko Special Raojotucrapeutic 
Procedures in Cervical Carcinoma 


Method 

Author 

1 enr 

5 year 
siirvnal 
rate 

per cent 

Radium alone 

Hcyman Sv-cdcn 

19!4-3I 

21 6 absolute 

Radium and x rays 

Heyman Sweden 

1932-41 

39 9 absolute 

Radium alone 

Dresser Mass 

1924-28 

25 0 absolute 

Radium 200 kv x rays 

Dresser Mass 

1934-38 

46 0 absolute 

Radium alone 

Hunt free cases 

1931-36 

20 5 absolute 

Radium and x rays 

Hum free cases 

1937-41 

42 I absolute 

Radium and x rays 

Hunt pnvatc ciscs 

1932-44 

66 7 absolute 

800 kv X rays and 
radium 

Schmitz 

1948 

43 4 relative 

Transvaginal and 
external x irradiation 

Caulk 

1949 

35 0 absolute 

Interstitial radium 
and X rays 

Waterman 

1947 

44 4 relative 


From Hunl 138] Thh table compll<*4 h> Hunt shows that teller results are obtalrert with Inteftratlon of 
r idlum and roentcen therapy Note that there Is no slenincnnt difference In results obtalne J writh con^en 
tlonal R ra> niid aupGr\oltnso x ray therapy 


TABLE 17 20 — Malignant Tumors of Testis Results of Treatment 
(Orchiectomy and Postoperative XIrradution) 


Author 


Adcnocorciaoma ohcI AH pronps 

•nQlipnoHt mlared tumor 5 ycor ettruvai 


Alt gronps 


u’IUiokC Ail oroupi 
vietas dumber » veor 
taels of aurxhaJ 
per cent patients per cent 


Number 5 year 

of surviiat 

patients per cent 


TFttR 

rnetos 

per cent 


TTIIAout rofal 

T.S -y Si 

per cent patients per c 


Ahlbom 80 65 35 70 

O Connell and 

Geschickter 75 60 74 10-20 

Leucutia et al 30 80 

Total 20 75 378 ‘•5-50 

Interpretation Prognosis lor seminoma with no clinically detectable metastasis treated by 
postoperative abdominal x Irradiation to full tnifraticp do e la \ery good For the other forms ot nwi b 
tumor the results are much less favorable 


119 50 

149 35-40 

no 55 


TABLE 17 21 Malicnakt Ovarian Tumors Results of Treatment 
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TABLE 1 7 22 —Results op XRav Treatment 





Lymphoid Tumors 


Endothelioma 

o/Ening 




LMiiphosarcoma 


Total Cases 


Localued site 

Th o clinical 
sites 

Three clinical 
Sites 

Lymphosarcoma 
ami tlodgUns 


Number 

5 >fflr 

Number 5 year 

Number S year 

Number 5 year 

Number S year 


of 

surxiial 

of stirttxal 

of sfinUal 

of surshal 

of survuol 

Author 

patients 

per cent 

patients percent 

patients percent 

patients per cent 

patients percent 

Lenz 

37 

55 

70 25 

135 10 

242 20 


Hare et al 





I8I 20-30 


Coley ef al 






73 <5 


iNTERrnjyrxTio'J X ray therapy N of (leEnllc %al(ie for tlw* locnIUat form of b-mphold lumors ShlmVIn In a 
collected series of untreated lymiihoblnRtomt (183 cases) found 10 per cent of the patients alKe 6 years after 
apparent onset of the diaen e 


TABLE 17 23 —Intracranial and ORomL Tumors Results of Treatment 


Author 


Sfcdulloblasloma Cerebelh 
Surgery and roentgen 
treatment 

5 year 

Number of surMxal 

patients per cent 


Bilateral Relinoblasioma 
Surgical remo\at of eye )»ifA 
more adsanced lesion + 
roentgen treatment of other 
5 year 

Number treated sur\na! 

and traced per cent 


Ingraham et al 56 5 


Reese et al 19 6 vision 20/200 

6 blind no recurrence 
Total 60 per cent 

iNTenPRETATioN 1 Medulloblastoma has poor proenosls even vilth combination of surgery and 
therap> However Ingrabam shons average survival Improves with Increase of total dosage of X ray a 


ministered 

Total dose x ray given 
/Includes oil ports and 

dumber of 

Average snrunal 4n months 

repeated serlesj 

patients 

after first treatment 

a less tlian 4 000 r 

9 

8 months 

b 4 000 10 000 r 

15 

31 months 

c 10 000 30 000 r 

9 

54 months 

Therefore v ray therapy is Indicated to limits of tolerance 
Retinoblastoma even In bilateral cases shows surprisingly 
extent to function 

good prognosis as to life and 



317 


the Oioical Application of MfdIum-\ olta-< \ Ra> Thcrap* 


TABLr 17;^— PmtTUi Tlmom 


— 






Surgery or d 





Surgical 

pos operatise 


\ ret thttepy 


treatment 

irrudiaiion 








Free of 



Response 




recur 












No 


Good 


S rear 


hjcei 


chartf 

Sum- 

Tt 

Slim 

sur 

hrf 

tent 

Cevnf 

or /w»f 

her 

suits 

her 

Mtal 

pI pa 

per 

per 

per 

pfpa 

per 

of pa 

per 

lirnfi 

cert 

cer-t 

cent 

tienit 

cent 

lierti 

cert 


kcfT roMror>''' 

Chromophobe 37 ^ 


Ohen 

Total 

F'*rt 5 ft al 



31 SO 


Fill FcMnophil *“ 

Bachman L 

!llm^ Fo'ircphil 21 

Chromopho*^ 'S 

Ba'cphtl < 


’0 23 45 


40 

«0lo 

W 

fO 


Btnchkc 


Prft iJt r? t 
sfnet 


Sufj^trr 
rlinicct arrest 
pet cent 


Ecninophil 40 

Chremephohe fO 

Orcraii'c 

TOortalitN 6-13 


lNTt«TtT*Tios f r rttvjltary cum r» » ray UwrarT ot'er* ms tf noi b^tt^r mult tl an 

aurirl al on Jlc*r » r ronr»-*t « He tumors are oltrn ry-Uc «nd In thr-«o cn rs rxcl 1 n 

fray of rrtat r Ip 


T\BLE 17 25 Caa^o'!t or Coarirs Uitai KtsvLTs of T»E.tT'itST 

KaJium Operation plus \ irradiation 



pita 

posioperatixe 

plus 

Surgical methods onh 

opera ton 

a irradiation 

operation 



Siace 

Stace 

Sta^e 



Asce 








1 

U 

III 

0"fni 


ace 








5 rear 

5 rear 

^ year 

tise 


5 tear 

Sum 

5 rear 

Sum 

5 Trer 

Shoi 

5 year 


sur 

sur 

sur 

mor 


sur 

her 

sur 

her 

sur 

her 

sur 


rual 

tiic/ 

snal 

ta'itr 

Total 

snal 

o/ 

%i\al 

of 

yisal 

of 

tiie/ 

Au hor 

per 

per 

per 

per 

PO 

per 

pa 

per 

pa 

per 
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CHAPTER 18 


The Clinical Application of Supervoltage X-Ray 
Therapy (1,000-3,000 Kv) in Cancer Treatment 


Ralph Phillips 


A change in wavelength alters not only Ihc 
penetration absorption and scattering of the 
X ray beam but also the nature and spatnt 
distribution of the absorbed energy In the 
supervoltage range of 500 to 5 000 kv ab 
sorption IS mainly by the Compton process 
which depends directly upon electronic den 
sity and is almost independent of atomic 
number whereas m the low and medium 
voltage range below 400 kv (where photo- 
electric absorption predominates) and m the 
megavollage range from 5,000 kv upward 
(where pair production is the mam mecha 
nism), absorption shosvs a close dependence 
on atomic number If clinical results de 


pended only on the physical dose of radiation 
absorbed m a tumor physical considerations 
could predict the therapeutic value of dif 
ferent wavelengths In the twenty five years 
since the first supervoltage x ray treatment 
was administered much clinical knowledge of 
Its value has been accumulated but the var 
lables m x ray therapy arc so numerous- 
dose wavelength fractionation dosage rate 
overall time the powers of adaptability 
change and recovery inherent in living cells 
the nature of the cancer and the nature of the 
patient— that no final answer as to the wave 
length dependence of clinical results is yet 
available 
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Tlip CJimcfll Application of Supenoltagc X Rajr Therap> 


ADVANTAGES OF SUPERVOLTAGE 
THERAPY 

Increased Skin Tolerance 
The backscatter of superhard x rajs is only 
about one third that of medium hard x rajs 
so that equal doses m air of the tuo qualities 
arc very different doses on the skm (Figure 
18 1) Above 3 000 kv the percentage back 



F19 18 2 Oitifibui on el lenitoiien In tS« Tni 10 
fnm below the iVin ter 200 k* end for tvp^neitoQ^ 
reenfoen royi wifh vanowi flieri (100 <bi felrf 
100 tw FSO) (F/Ofti Trwmt> [22] (ourteif 

scatter 15 independent of area and amounts 
to 5 pvr cent or less However even when 
measured with backscalicr ihc sLm reaciion 
produced hy equal doses is less from super 
voltigc tlnn from medium voltage radiation 
Tor equal skin reactions the skin dove ai 


I 000 kv IS about 50 per cent greater than at 
200 kv the threshold erythema dose is 1 000 
r at 1 000 kv compared with 680 r at 200 kv 
(Quimby [5] Trump I22J), and the second 
degree erjthema dose is 1 500 r at 1 000 kv 
for 100 sq cm field compared with 1 000 r 
at 200 kv (Table 18 1 ) The absence of photo 
electric absorption by the sulfur m the skin 
the forward direction of the Compton dec 
Irons w ith the build up of the maximum lom 
2 ation at depths of 1 mm or more (Figure 
18 2) and the smaller biologic efficiency of 
the high speed electrons m the surface layers 
aff combine to produce this increased skin 
tolerance for superhard radiation but the 
skin must of course be left uncovered for this 
advantage to be fully realized 
With the usual fractionation technic the 
skin reaction appears more slowlj takes 
longer to reach us maximum and remains 
drier with supcrvoltage than with medium 
voltage X rays It is generally possible to give 
the desired tumor dove without producing a 
moist erythema and at 3 000 kv often with 
only a threshold erythema (3) 

The late effects of skm atrophy and telan 
gicciasia arc not apprcciabl\ different after 
vupcrvofiagc from the similar effects of me 
dium voltage radiation but there is often more 
subcutaneous induration and fibrosis so that 
a second full course of supcrvoliagc ihcrapv 
IS generally inadvisable Most parts of the 
skin will tolerate two or even Ihrce full courses 
of medium voltage irradiation but further ir 
radiation after previous supcrvoliagc therapy 
IS very liable to result m late radionccrosis (S) 
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Fig IS'^ Tluue dose at 1000 kr HVL 9 mm Cu eompored with 
that at 200 kv HVl 2 rum Cu for th« some skin dose of various 
depths and field areos (100 «m FSD) (From R Phillips [15]^ eourfesy 
H K Lewis & Co Ud ) 
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TABLE 18 2 — Varutiov of Percektage Depth Dose wmi QuAtriv of X r\v Beam 
(too cm focus slm distance) 


FiflJ orea 

250 kv 

5 cm depth 

I 000 kv 

Gam 
per cent 

250 k\ 

10 cm depth 

I 000 L\ 

Gam 
per cent 


56 5 

71 0 

26 7 

27 5 

42 5 

54 5 


69 0 

77 5 

12 3 

38 2 

50 2 


300 sq cm 

76 0 

81 6 

74 

46 6 

5S4 





FDD 






J5 cm depth 



20 im depth 



250 A i 

1 000 kv 

Gam 

250 k\ 

I000k\ 

Cam 




per cent 



per cent 


13 1 

25 6 

95 5 

60 

ISO 

1500 


20 0 

30 0 

50 0 

107 

18 1 

69 1 

300 sq cm 

27 5 

360 

309 

160 

22 0 

37 5 


absorbed m the body for a given tumor dose 
IS thus much less for superhard radiation and 
hcncc sjstemic cfTccts such as radiation sick 
ness or leukopenia arc less frequent than ssith 
medium hard x ray therapy 

More Homogeneous Dose 
Distribution 

The absorption of medium hard x rajs m 
bone is some luo or three limes greater than 
tn soft tissues but ii is only about 10 per cent 
crcjtcr for 1 000 kv radiation (19 21] There 
arc ttto resulting advantages of supervoltagc 
first there is less danger of radionccrosis of 
bonv and cartilacinous structures traversed by 
the X raj beam such as the mmdiblc m the 
trentment of intraoral cancer the ihjroid 
cartibcc m treating cancer of the laiynx or 
the neck of the femur m treating pelvic can 
ccf sceondiv the actual tissue dose m tumors 
Ivmc deep to bonj structures js not much Jess 
than the measured dose in phantoms of unit 
dcnsitv material — practical examples whcft 
this IS of importance arc cancer of the maxilh 
cancer of the esophagus (espeeiallv a posterior 
field Iravcrsinc the sertebrac) the apical 
atilfars nodes Ivini: behind the clasicle can 
ccr of the rectum and cancer of the tonsil 
There is also less sanation m the lontralton 
from piMnt to point in the iissues wnh super 


hard than vvith medium hard radiation so 
that the absorbed cnerg) is more untformlj 
disinbulcd ''ith a consequent greater proba 
biliiy of producing the desired biologic effect 
Two/acicrs comnbuie lo fhis jncrcased homo 
genciij of tissue dose the supcrsollage x nj 
beam undergoes much less degradation as jt 
traverses the bod> than a 250 kv beam and 
the range of its secondary electrons i c the 
length of the ionization tracks is some four 
times longer 

The specific ionization decreases as the 
quantum cnergj increases thus the mean 
number of ions per micron of tissue is 15 for 
i 000 kv and 80 for 200 kv (6) The average 
length of an ionization track is about 140 ji 
M 1 000 kv and 30 at 200 kv [11] Many 
biologic experiments have shown that the 
effect vanes dircctlj as the specific ionization 
since I r of an\ quality radiation is bj defini 
lion the some number of ions hard x rt) s maj 
be found to be less efficient per rocnicen than 
soft X ravs m producing the tjpe of biolocic 
effect that is more or levs independent of the 
spatial disifibuiion of ions It would how 
ever be hazardous to applj such experimental 
findmes to the clinical problem where large 
volumes of tissue arc Irradiated and where 
distribution of the energv absorbed both m 
space and tn lime is of importance 



322 

DISADVANTAGES OF SUPERVOITAGE 
THERAPY 

Size and Cost of Apparatus 
The early x ray apparatus for 600 kv and 
up\vard was air insulated ind hence of large 
size requiring much space (Figures 18 5 
18 6) with correspondingly high capital out 


Clinical Application of Roentgen Rajs 
was either vertic'il or horizontal and field 
sizes were limited by the dilTlcuIty of chang 
ing unwieldy diaphragms Thus the patient 
had to be adjusted to the apparatus instead of 
the X n> beam being freely and accurately 
'idjusiabtc to the patient Any improvement in 
clinical results from supcnolfagc might well 
be masked if comparison is made between an 



fig 18 5 lourif»en» * toy twb*» circo IWO Cot.fornia ln»lfuf» of T«ehnologr 


lay Modern apparatus is freon insulated under 
pressure and can be installed in treatment 
rooms of normal height (13 ft) (Figures 
18 7 18 8) though a greater height is dc 
sirable for full flexibility The cost is still 
considerable ($70 000 minimum) but is offset 
to some extent by increased output since the 
efl[)ciency of x ray production is proportionil 
to approximately the third power of the 
voltage 

Inflexibility 

In the early apparatus some of which is 
still m use the tube was fixed the x ray beam 


inflexible super- oltage apparatus and a fuHv 
flexible medium voltage apparatus 


Diaphragms 

With medium voltage radiation irregular 
[ield shapes are readily obtained by using 
pieces of 2 mm Pb or lead rubber on he 
patient and structures such as the eye or 
testis can easily be shielded With million voh 
radiation an inch of lead is required to re u 
the X ray intensity to 1 per cent of the ma 
beam so that only rectangular fields can h 
obtained with a continuously adjustable di 
phragm and various special devices of a mo 
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or less cumbersome nature are necessary for 
the ’shielding of important structures or for 
obtaining circular oval and irregular field 
shapes Furthermore if the focal spot is large 
and the continuously adjustable diaphragm 
mounted nearer to the target than half the 
focal skin distance the resulting penumbra 
vitiates the advantage of the lack of side 
scatter from the main beam 


Radiation Damage 

With medium voltage radiation skin tol 
erance is generally the limiting factor in 
dosage and late radiation damage to struc 
tures other than the skin is therefore unlikely 
With supervoUage radiation skin reactions are 
no longer a trustworthy guide and late radia 
tion damage to deeper structures js very likely 
to result if dosage is pushed to the apparent 



Exit Dose 

When opposed fields arc used m a patient 
of ivcragt thickness (20 cm ) the exit dose 
'Mlh supcrsoltagc is about tvsicc that wilh 
medium sottngc Fsen so for a given tumor 
dose ihc lotal skin dose is less wuh supur 
sohatje eg for a tumor dose of 4 000 r at 
10 cm depth ssith two opposed 10 x io cm 
fic ds 20 cm apart the given skin dose at 
1 000 k\ H V I 10 mm Cu is 4 000 r and 
the miximum skm dost 4 ROO r sshcrcas at 
2^0 k\ II \ 1 2 mm Cu the cnen skin dose 
IS < 700 r and the miximum skm dose 6 200 r 


limits of immediate tolerance at the time of 
treatment In the irradiation of pelvic tumors 
both Mudd and Phillips [151 observed a latt 
subcutaneous induration that produced gross 
edema of Ihc lower limbs and marked limita 
tion of movement at the hip joints In the 
irradiation of metastatic cancer in lumbar 
lymph nodes to a tumor dose of around 6 000 
r in SIX weeks Friedman has found a number 
of late radiation injuries — gastric ulceration 
damage to the nnlenor horn cells wuh a 
flaccid paresis of the tower limbs and sarcoma 
of Ihc spine and erector spinac muscles In 




the atJempt to cure otherwise mcunblc cinccr 
the risk of ndntion injuries must be accepted 
m a small proportion of eases since knowledge 
of norma! tissue tolerance dose levels js im 
perfect and there arc individual extremes of 



Fg 18 7 Memorol Hotpital New York 1000 kr 
freofment room 1947 General Elecine opparolvt 

variability but the proportion of injuries can 
be kept to 1 or 2 per cent if careful attention 
IS given not simpl) to skin dose or tumor dose 
but to the dose levels in all the tissues ir 
radiated 

GENERAL INDICATIONS FOR 
SUPERVOLTAGE X RAY THERAPY 

If clinical results depend largely upon the 
ph)sical dose of radiation absorbed in a 


Clinical Application of Itoenlgen Rajs 
tumor supervoltagc x rays arc to be preferred 
in the treatment of deep seated tumors of 
limited extent where multiple converging 
beams of small cross sectional area can be 
accurately directed to give a homogeneous 
high dose m the desired region a rapid fall-off 
of dose in the surrounding normal (issues and 
a minimal integral dose 
Supervoltagc radiation is also indicated 
sshenever bone has to be traversed by the 
beam for two reasons the greater penctra 
lion gives a bigger and more accurately cs 
timatcd tumor dose deep to the bone and (he 
smaller energy absorption m (he bone lessens 
the risk of late radionccrosis or of the inter 
ruption of bone growth in the ease of children 
Supervoltagc therapy may be indicated in 
the treatment of tumors that have recurred 
after medium voltage therapy or in the later 


Hg lae von urootr 

MoKOchusetti Instiluls of Teehnology 19^9 ^ 

Or J G Trump for rotation therapy (Cour/e y 
Kadiolog / } 

treatment of disseminated disease (c g Hodg 
kins) that has become refractory to medium 
voltage therapy It is also indicated in a 
normally large individuals where the depth o 
the tumor would render medium voltage o 
little value In attempting the cure of is 
scminated radiosensitive tumors e g 
noma testis supervoltagc therapy may c 
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preferable since theoretically there should be 
less damage to hemopoietic bone marrow 

SUPERVOITAGE THERAPY IN VARIOUS 
TYPES OF CANCER 

Carcinoma of the Rectum 
Carcinoma of the rectum is virtually m 
curable by medium voltage x rays Phillips [14] 
first reported the disappearance of the primary 
growth in about one third of the (mostly 
advanced) patients treated with supervoUage 
X rajs to a tumor dose of 5 000 to 6 000 r in 
five to SIX weeks The technic of treatment and 
the isodosc distribution compared with me 
dium voltage irradiation arc illustrated in 
Figure 18 9 Williams m a later independent 



Fg 18 9 liodese d itr butian on lroniv«rt« i«<t on 
for th* trtolmcnt «l cancer of the rectum through 
10 Teldt 18 X 8 cm by 200 kv H VI 3 mm Cv 
40 cm F S 0 (left holf) and by 1 000 kv H V I 9 mm 
Cu 100 cm F^D (right half) (From R Phill pi [15] 
courlti/ H K lewii & Co ltd ) 

follow up of Phillips patients found that 
there were eight fnejear cures out of 127 
inopenbit piticnts treated during the years 
1937 1944 there were also six five year cures 
in a group of patients with recurrent carem 
oma after radical operations and a number 
of patients who died of senility or mcstastascs 
in the liNcr without rceurrcncc of the primary 
growth and often without requiring a colos 
u>m\ ^^lIllams states that about 60 per cent 
of the patients treated obtained complete re 
lief of symptoms and returned lo their nor 
mal work 

NNiUiams reported four fisc scar cures for 
anal cancer out of twcUc adsanced paticnis 
treated with million \o!t xrass Ihc tumor 


dose being about 4,500 r m five weeks Anal 
cancer does not as a rule respond well to 
medium voltage x radiation 

Carcinoma of the Breast 
Irradiation of the breast and the three mam 
lymph node drainage regions (axillary, supra 
clavicular and internal mammary) separately 
inevitably results in regions of underdosage 
and overdosage Levitt and Phillips in 1933 
aticmpled to improve the two field Holfelder 
Finzi tangential technic by adding a third 
supraclavicular field that was directed from 
above downward and slightly medially and by 
including between the anterior and posterior 
tangential fields the whole arc of tissues super 
ficial to a plane drawn from the posterior 
axillary Imc lo the contralateral border of the 
sternum With medium voltage x rays (H V L 
1 S mm Cu) this technic can give a tumor 
dose of 3 000 to 3 500 r m four weeks and 
in advanced inoperable breast cancer resulted 
in an 18 per cent three year and a 9 per cent 
five year absolute survival rale But in large 
individuals or bulky tumors the dose was still 
not homogeneous and fell below the minimum 
of 3 000 r then considered necessary Super 
voltage uradiation permits a tumor dose of 
4 000 to 5 000 r insures homogeneous dosage 
m the patient of average size and even m the 
outsize individual whose cross sections arc 
depicted in Figure 18 10 gives a reasonably 
satisfactory isodosc distribution The results 
of supcrvoltagc therapy show almost a three 
fold improvement over medium voltage in this 
group of advanced inoperable breast cancer 
the absolute five year survival rate being 25 
per cent included m the survivors arc two 
hctalion carcinomas in patients aged twenty 
three and twenty six respectively In reporting 
the late follow up of these cases Williams 
states 1 can confirm Phillips observation 
that disappcarmcc of the primarv tumor ind 
regional lymphatic metasnscs is more ccr 
lainlv and more easily obtained with super 
voltage than with dtcp x raj therapy 

Inevitably the majority of patients with ad 
V incvd breast cancer die of distant mctaslas''s 
in the lungs liver and bones but the palln 
tion afforded bv healing or prevention of 
ulceration and fungation of the primarv 
growth isenlirel) worthwhile (FigurcIB II) 
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brecjt in a very large paiien* through three field*— ontenor tangentlol 29 X 1 •» P . p(„|| [13] 

X IS em igpradavieular 21 X 2S <m {tOO kv) Shoding IndKotei potking w Ih bolui {from R P 
ceurfety H K lewii & Co Ud ) 


The combination of hormone and supcrvoUagc 
therapy adds still more to this palliation and 
may further prolong the period of useful 
survival 

Cancer of the Esophagus 
Cancer of the esophagus his not so far 
given any better results with supervoltagc thin 


with medium voltage x ray therapy Cantnl 
and Buschke have one cure out of j'^enty 
three patients treated to a tumor dose 
4,500 to 6 000 r m six to eight >veeks and 
Williams has no survivors from fortytw 
cises given an average tumor dose of 
m four weeks While some patients who die 
from perforation or pneumonia show no e 



Fig 18 11 Advanced breast ca neer before and after sopervolfoge x ray theropy by the 3 field t 
in Figure 1810 
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dence of carcinoma at postmortem and others 
die from hepatic or pulmonary metastases 
without evidence of local recurrence the ma 
;ority die from persisting disease or from local 
recurrence after a short period of palliation 

Cancer of the Lung 

Bronchogenic carcinoma like cancer of the 
esophagus has proved just as intractable to 
supervoltage as to medium voltage x ray 
therapy half the treated patients die within 
SIX months and only 5 per cent survive longer 
than two years Watson and Urban state that 
a tumor dose of 1 500 r gave the maximum 
palliation (relief of hemoptysis cough dysp 
nea and atelectasis) but about 6 000 r gave 
the longest survival period The difficulty is 
that any worthwhile tumor dose (minimum 
3 000 r) inevitably produces pulmonary fi 
brosis with symptoms sometimes as disabling 
and distressing as those of lung cancer for 
this reason the writer suggests that pneumo 
nectomy should be done whenever possibl<» 
even though some growth is left behind for 
such residual tumor can often be irradiated 
through small fields to a high dose level 

Cancer of the Bladder 
Supervoltage therapy gives better results m 
cancer of the bladder than medium voltage 
but even so the absolute five year cure rate is 
only 15 per ctnt [1 24] Most of the cures 
however are in the group of papillary car 
cinomas of which about 35 per cent survive 
five years free of cancer The successful 
dose time levels have been 4 000 to 6 OOO 
r m four to eight weeks if these dose time 
levels are exceeded when the entire bladder 
has to be irradiated there is considerable risk 
of desquamation of the whole mucous mem 
brane resulting m an irritable contracted 
bladder that necessitates a cystectomy 

Cancer of the Prostate 
Zuppmgcr showed that regression of the 
tumor with pilliation of symptoms could be 
obtained if a sufficiently high tumor dose was 
given and Mudd in his pioneer investigation 
of supervoltage therapy reported 26 per cent 
of patients sjmptomfree for periods up to 
four years 


Cancer of the Uterus 
The substitution of supervoltage for me 
dium voltage x rays in the standard combmed 
radium % ray treatment of cancer of the uterus 
has not so far given statistically better results 
The mam uncertainty m the irradiation of 
any cancer primary m the pelvis is the extent 
and situation of the lymph node metastases 
If cancer is confined to the true pelvis tele 
cobalt rotation therapy is technically the 
method of choice 



max (lory anfrutn through three feldi anterior 16 X 
II cm left potterolateral 16 X 10 cm right pojtero 
lateral 16 X ? cm I 000 k'r Shod ng tndicatei belut 
(from R fhillipi £15] coofteejr H K Lewii & Co ltd) 

Carcinoma of the Maxillary Antrum 

In advanced carcinoma of the antrum the 
body walls are extensively invaded usually 
with perforation of the hard palate and the 
floor of the orbit and infiltration of the ptery 
gold fossa The greater penetration and homo 
geneity of supervoltage x rays apparently im 
proved the cure rate from 12 per cent with 
200 kv to 30 per cent with 1 000 kv in one 
senes of cases but the small number of cases 
treated at I 000 kv docs not make this dif 
fcrence statistically significant Nearly all long 
terra survivors develop an irradiation cataract 
since It is impossible adequately to irradiate 
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the disease m the floor of the orbit nnd at the 
same time protect the lens The average tumor 
dose in this senes was 4,500 r in three to four 
weeks the field arrangement and isodosc dis 
tribution m a patient who has survived eight 
years is illustrated in Figure 18 12 and the 
extensive nature of the disease can be judged 
from the large size of the fields that a was 
found necessary to employ 

Pituitary Tumors 

Cantril and Buschke [11 prefer supcrvoltagc 
radiation for the treatment of pituitary tumors 
since advantage can be taken of the greater 
penetration, lessened scatter and negligible 
skin reaction they give a tumor dose of 4 000 
r m five to SIX weeks with marked improve 
ment in the visual fields m both eosinophil 
and chromophobe tumors 

Intrinsic Carcinoma of the Larynx 

In spite of the relatively superficial location 
of the tumor supcrvoltage therapy has some 
advantages over medium voltage m the treat 
ment of carcinoma of the vocal cords ab 
sorption in the more or less ossified thyroid 
cartilage is less skin tolerance is higher and a 
unilateral tumor can be adequately irradiated 
through a single portal There is also some 
evidence of better results from harder radia 
lion Lederman and Cade have found tele 
radium therapy and Williams supcrvoltagc 
X ray therapy superior to medium voltage 
X ray therapy The recommended tumor dose 
is 5 000 to 7 000 r in four to six weeks 

Cancer of the Testis 

Friedman has demonstrated that the tumor 
lethal dose for malignant teratoma is often as 
high as 6 000 r in six to eight weeks There are 
of course many malignant testicular tumors 
particularly seminomas which have been 
cured by tumor doses of 2 000 to 3 000 r in 
three to four weeks and these can be success 
fully treated with medium voltage x rays A 
tumor dose of 4 500 r or more however can 
seldom be given to the abdominal aortic 
lymph node metastases unless supervollage 
radiation is used this dose level carries a 
considerable risk of damage to the gastric 
mucous membrane and other normal tissues 
but IS justifiable when inoperable metastases 


Clinical Applicallon of Rocnlgen Rays 
of teratomatous pathology are known to be 
present Friedman has obtained an 18 percent 
five year survival rale in malignant teratoma 
testis With proved abdominal lymph node 
metastases and a 100 per cent five year sur 
vtval rate in seminoma with metastases 


THE PLACE OF SUPERVOLTAGE IN 
PRESENT DAY RADIOTHERAPY 

The present position of supcrvoltagc x ny 
therapy may be summarized in question and 
answer form 

1 Docs the quality of the radiation alter bio- 
logic response’’ 

The answer is Yes’ for, at any rate some 
biologic reactions if the unit of dose is the 
roentgen eg for bacteria and viruses [91 
hard x rays arc more lethal than soft x rays 
the skin erythema dose increases with increas 
ing hardness Specific ionization vanes with 
quality, and nearly all biophysicists accept 
specific ionization as an important factor in 
determining biologic response 

2 Docs the quality of the radiation alter 
tumor response? 

The majonty answer is No , eg Cantnl 
and Buschke Williams Schulz and Holmes 
all subscribe to the view that the inherent non 
responsiveness of some cancers to ionizing 
radiation docs not change if the quality of the 
radiation is changed nor do most tissues or 
organs tolerate any higher dosage of super 
hard x rays than of lower voltage x rays The 
mmonty regard the question as still unsettled 

3 Do clinical radiotherapeutic results de 
pend upon the quality of the radiation’ 
Opinions are fairly equally divided com 

panson of results between different institutions 
are useless because of the great variability of 
many' factors other than quality The only 
fully controlled companson was made by 
Wood between gamma rays and 200 kv x rays 
the respective cure rates m 214 patients vvere 
28 per cent and 20 per cent a difference that 
IS not statistically significant 

In the brief period of sixty years the radi^ 
therapy armamentarium has greatly expande 
none of the early methods has been aban 
doned but only curtailed as each new method 
adds its own particular advantages and indica 
tions 
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Years 

1896-1956 

1916-1956 

1930-1956 

1950-1956 


X ray apparatus 
Superficial therapy 50 140 kv 
Deep therapy 150 250 kv 
Supervoltage therapy 400 2 000 kv 
Megavoltage therapy 4 000 24 OOO kv 


Gamma ray apparatus 
Radium 1 50 milhcunes 
Radium 1 10 cunes 

Cobalt 50 2 000 curies 



CHAPTER 19 


The Clinical Application of Moving-Field 
Radiotherapy 


Jens Nielsen 


INTRODUCTION 

This chapter presents a brief survey and 
evaluation of radiotherapy with a moving 
beam ( moving field radiotherapy moving 
beam irradiation Bewegungsbustrahlung ) 
of deep seated malignant tumors The three 
mam forms — rotation irradiation pendulum 
or arc irradiation and convergent irradiation 
— are presented 

GENERAL CONSIDERATIONS AND 
HISTORIC EVOLUTION OF MOVING 
FIELD RADIOTHERAPY 
The principle of cross firing has made pos 
sible a certain elevation of the depth dose 
without exceeding the tolerance dose of the 
skin however, it has certain drawbacks The 
method of cross firing with many fields re 
quires cumbersome and time consuming plan 
mng and technic of adjustment Even so it 
cannot avoid overlapping of adjoining beams 
This results m increased doses ("hot spots ) 
m the healthy tissue below the surface and an 
uneven distribution of intensity withm the 
tumor and surrounding area 
The worst shortcoming however is that 
the tumor doses obtainable in this way are not 
sufficient to produce complete eradication of 
the tumor This is probably an important 
reason why irradiation of malignant tumors 
m deep seated organs has met with small sue 
cess so far 

Historic Development of Moving Beam 
Irradiation 

It IS interesting to note that very early in 
the history of radiotherapy the idea was pro 
posed that the cross fire method with station 


ary fields might be replaced by a continuously 
moving field on the skin in order to avoid the 
drawbacks of cross firing (Kohl 1906 Pohl 
1913) The introduction of this new principle 
gives n more complete and uniform utilization 
of the skin area at disposal to the entrance of 
the rays and an essential mcreasc of the 
depth dose In addition unwanted dose in 
creases due to overlapping of the beams in the 
depths are eliminated Moreover the depth 
dose IS delivered exactly to the desired area at 
any distance below the skin It is fairly homo- 
geneous throughout and shows a steep decline 
in the immediate surroundings about the 
tumor 

A few reports on the clinical application of 
moving field therapy were published at the 
beginning of the century (hfeyer, 1913) but 
It was neglected during World War I and the 
years following (Knox 1915) not to appear 
in the literature until 1929 (Archangelsky) 
In 1937 Dessauer called attention to the ad 
vantages of the method 

Recently Dessauer Nakaidumi DuMesnil 
de Rochemont Nielsen Neumann and Wachs 
mann and others have developed the clinical 
application rotation irradiation turning the 
sitting patient about his own axis m the hori 
zontal beam In contrast Kohler preferred the 
immovable lying down position making the 
tube swing as a pendulum about a horizonta 
axis pendulum or arc irradiation Finally 
Henschke Green and associates and Stee 
and associates have used Kohl s arrangement 
to produce convergent rays bv using a roun 
field and circular movements of the tu e 
about an axis at right angles to the longitudina 
axis of the patient This principle of con 
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\ergent irradiation has been elaborated by 
Bischoff 

ROTATION IRRADIATION 
Principles and Practice 
DEFINITION 

Rotation irradiation is thesimplcstand most 
perspicuous form of moving field irradiation 
in which the tube turns in relation to the 
patient m a circular movement about an axis 
of rotation parallel to the axis of the body 
For technical reasons this relative movement 
of the tube is realized by rotating the patient 
who IS sitting or standing on a platform 360* 
about a vertical axis through the center of 
the tumor at a horizontally incident central 
ray 



TECHNIC 

As a rule the patient sits on a motor driven 
rotating seat whose rate of rotation can be 
varied The rectangular beam is defined by 
means of an adjustable lead diaphragm at 
tached to the tube head at a distance of about 
20 cm from the focus The diaphragm may 
be opened or closed and moved from side to 
Side (this generally being more convenient 
than moving the tube) or even tilted by remote 
control through Bowden cables By a simple 
mechanical contrivance the tube may also be 
moved up and down by remote control In a 
more elaborate construction the chair with 
the patient may be moved — also by remote 
control — by means of two small reversible 
direct current electromotors — in all directions 


This IS of great help in the adjustment of the 
patient in order to get the axis of rotation 
exactly m the center of the tumor, and if 
constant fluoroscopic control is used during 
the rotation the necessary small adjustments 
of the patient during the rotation period are 
executed physically more correctly than by 
the side to side movements of the diaphragm 
Especially when using very narrow beams as 
m rotation therapy of the esophagus is fluoro 
scopic control advantageous 



Fig 19 2 Reody made uni for rolat on Iheropy with 
«on>lont <cr«ening control of the treatment oreo (Cour 
lesr Siemens } 


CoDccming further technical details it may 
be mentioned that irradiation corresponding to 
conventional deep roentgenthcrapy generated 
at 180 to 200 kv filtered through 0 5 mm Cu 
(H V L 1 mm Cu) at 10 to 20 ma will give 
a ray quality and an output suitable for rota 
tion at a target skin distance of 50 to 60 cm 
within a reasonable radiation time (5 to 15 
minutes) 

DOSE DISTRIBUTION 

II must be stressed that in rotation therap) 
the field of entry js of little importance The 
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simplest form of rotational irradiation of cir 
cular cylindrical bodies centric axial radiation 
with the central rav vertical on the axis of the 
cylinder corresponds roughly to rotation 
therapy of carcinoma of the esophagus It 
has been shown by experimental measure 
ments on phantoms and anatomic prepan 
tions that a dose distribution is obtained in the 
central plane that takes the form of a bell 
shaped curve The maximum intensity repre 
sented by a nearly homogeneously irradiated 
plateau around the axis of rotation, corre 
spends approximately to the width of the 
beam used It is followed by an immediate 
steep fall passing into a more gradual decline 
toward the surface (Figures 19 3 19-4) 
The ratio between the central and peripheral 
dose may be as high as 3 or 4 to 1 or c\cn 
higher m esophageal carcinoma 

Roughly speaking the ratio between the 
central maximal dose and the minima] surface 
dose — the degree of action — will be greater 
the immediate drop m intensity steeper, and 
the integral dose smaller when the penetra 
tion of the radiation is stronger the field is 
narrow the irradiated body small and its 
specific gravity low 

Under the given circumstances the breadth 
of the field is of most significance Unlike 
cross firing on stationary fields this does not 
demarcate the irradiated from the unirradi 
ated tissue it only influences the form of the 
dose distribution but in a decisive way With 


an increasing distance from the surface the 
individual points will remain longer m the 
beam Instead of a fall m the dose from the 
surface toward the depth a rise is obtained 
and this rise is more pronounced and steeper 
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with narrow fields In other words m rotation 
therapy celeris panbus narrow fields will con 
tribute highly toward high tumor doses and at 
the same time spare the healthy surrounding 
tissue It thus follows that in rotation therapy 
the narrowest possible field should be used 
To be sure of hitting the target with the nar 
row beam fluoroscopic control is of great 
value 



Fg ni«nii«nal d i*ribwlt«n n o 

cylindricdl phdniom {wiih a d 4ni*t«r of 30 em) Rolo 
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ten ) 


and the reduction of secondary rays in the 
periphery the field must be extra high pro 
jecting cranially and caudally at least 2 to 3 
cm beyond the extent of the tumor This is 
permissible especially as the height of the 
field has no influence on the horizontal dose 
distribution In rotation irradiation of esopha 
geal carcinoma high fields are moreover re 
quired to avoid pole recurrences because 
these tumors show a marked tendency to 
propagate through the lymphatics in a longi 
tudinal direction Figures 19 5 and 19 6 
based on experimental dose measurements 
give an idea of the three dimensional dose 
distnbution in rotation irradiation with fields 
of different breadth They also illustrate im 
pressively the diminution of the dose at the 
upper and lower limits of the axis field which 
should always be kept in mind 

Eccentric localization of the tumor and 
consequently of the rotation axis will give 
essentially the same dose distribution curves 
as formerly described for centric rotation 
There will be a more or less pronounced dis 
placement of the point of maximum intensity 
away from the axis of rotation toward the 
nearest surface 'ind (he fall in dose will be 


Inasmuch as the dose distribution m rota 
tion irradiation is favorably influenced by the 
pcnctf iting power of the rays this sp-cial in 
terest shall be maintained to clinical expen 
ments on rotation therapy by supcrvoltagc 
conducted by Trump and Hare Even rocntcvn 
rays at still higher voltage (10 to 30 million 
k\) might prove advantageous in rotation 
therapy (I aughlin and associates) It is there 
fore to be hoped th U the hvlalrons and other 
apparatus for production of ray energy at 
this ultravolt level may be constructed and 
tested for this purpose Under such circum 
stances fluoroscopic control is impracticable 
and special efforts must thercfori. be made to 
obtain the exact distribution of the rotation 
axia 

Concerninc the hcicht of the axis field the 
choice IS made in the same wav as in irradia 
tion of stationary fields ic the hiicht is 
chosen so that the entire tumor is covered by 
the field Owing (o the dLCime in the dose 
dclisifcd to the upper and lower limits of the 
field because of the discrpcncc of the nvs 
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flatter in this direction The nearer the tumor 
IS located to the surface the more ads an 
tageous IS the use of partial rotation i c 
pendulum therapy or convergent irradiation 

FlUOROSCOPIC VISUALIZATION OF 
THE TUMOR 

The nccevsarv condition for the continuous 
fluoroscopic control is that the tumor be 
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radioscopically visible or can be fluoroscopi 
cilly visualized by some Icchnicil device For 
csophngcal Iluoroscopy the patient miy swil 
low a small amount of thickbarium Thismay 
be practiced not only in esophageal carcinoma 
but m several other inaccessible cancers As 
an example bronchogenic carcinoma If such 
a tumor cannot be directly visualized it may 
be marked by metallic clips inserted m the 
course of an exploratory thoracotomy or 
through the bronchoscope A tumor of the 
nasopharynx may be localized by a lead tipped 
sound introduced through the nose The same 
technic may be used to mark a tumor of the 
pituitary if the sella turcica or the air con 
tent of the sphenoidal sinuses is not directly 
visible as a landmark In this way also basal 
intracranial tumors may be marked Even 
tumors situated in voluminous parts of the 
body such as the rectum and the uterine 
cervix may be marked for fluoroscopic con 
trol by the introduction of metallic sounds or 
bodies 

DOSE MEASUREMENTS AND 
CALCULATIONS 

Calculation of the dose distribution is com 
plicated and uncertain (19 23 24] This ap 
plies to homogeneous phantoms and even 
more so m vivo where the inhomogeneous 
consistence of the body with varying densities 
(lungs and bones) and irregular outlines lend 
to distort the intensity distribution curves 
(but as can be shown on suitable anatomic 
preparations not to a degree to make them 
illusory) It IS therefore advisable whenever 
possible to try to obtain a control by direct 
measurement of the tumor dose with small 
ionization chambers introduced into the cav 
ities in tubes or the like Neumann and 
Wachsmann have worked out a method for 
calculating the tumor dose from the exit beam 
dose The conversion of the exit beam dose is 
done by means of standard tables This 
method which allows for the differences of 
absorption in the irradiated tissues appears 
to be the most dependable one giving suf 
ficiently exact data for the practical conduct 
of rotation therapy Yet it is advisable to 
supplement and control Us results by direct 
measurement of the dose with condenser 
chambers inside the tumor area whenever 
possible 


DOSAGE 

By rotation irradiation it is usually possible 
to attain a tumor dose several times the skin 
dose As in supcrvolt thcraps the latter has 
therefore lost its significance as a limiting 
and controlling factor and is of no practical 
interest in describing a treatment The tumor 
dose combined with the width of the axis 
field IS of primary Importance in defining the 
irradiation 

The patients have shown unusual tolerance 
to rotation therapy which therefore may be 
administered with a considerably higher daily 
and total tumor dose than static field therapy 
Clinical experience must decide the size of the 
dosage adequate in tumors of different van 
dies and sites Care must be maintained to 
avoid a too rapid delivery, so that the repara 
live processes cannot keep pace with the 
destructive ones 

DOSE FOR ESOPHAGEAL CANCER 

In rotation therapy of esophageal carci 
noma too intensive irradition (tumor dose 
6 000 to 9 000 r or more in 20 to 30 days) 
though apparently tolerated by the patient 
may result m esophageal perforations and 
vascular ruptures (20 22 25] In our ex 
pcnencc the most advantageous daily dose in 
attempts at curative rotation irradiation of 
esophageal carcinoma with axis fields of a 
Width smaller than 5 cm is about 150 to 200 r 
and the total dose about 5 000 to 6 000 r 
administered in 5 to 7 weeks When using 
this dosage it has been found that the in 
cidence of esophageal perforation and hemor 
rbage is lower even than occurs m cross fire 
irradiation At autopsy several of our patients 
dying from distant metastases have shmva no 
remnant of the original tumor either macro- 
scopically or microscopically The lumen o 
the esophagus at the former site of the tumoT 
has been of normal width On close inspection 
a trace of cicatricial changes coufd be dis 
cerned in a small portion of the wall and on 
microscopic examination the tunica musculans 
was found to have been replaced more or ess 
by fibrous tissue These postmortem findings 
correspond to radiographic appearances in 
cured patients in whom deglutition is oun 
to be practically normal 
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RADIATION DOSES FOR OTHER 
NEOPLASMS 

Since clinical experience with rotation thcr 
apy m cancer other than that of the esophagus 
IS less extensive any statement of dosage must 
be tcntatisc Carcinomas of the lung rectum 
uterine cervix prostate and bladder appear 
to tolerate higher partial and total doses 200 
to 300 r per day or a total dose of 6 000 to 
9 000 r or more In rotation irradiation of 
very small tumors such as pituitary growths 
It seems possible to attain essentially higher 
tumor doses exceeding 10 000 r without 
cutaneous or systemic reactions Although this 
IS of great theoretic interest the clinical cx 
pcricnce is still too scanty to justify any deter 
mination of the most favorable partial and 
total dose in treating the various tumors of 
this organ This also app’ies to intracranial 
neoplasms 

In purely palliative irradiation as for in 
stance of patients m poor general health a 
total dose of 4 000 to 5 000 r is seldom ex 
cceded 

Concerning the width of the axis field it 
must be emphasized that it should always be 
ns narrow as possible if only because of the 
dccisise significance of this factor to the dose 
distribution This is indicated also by clmical 
obsersations In esophageal cancer the width 
of the axis field should not exceed 5 cm m 
some cases only 2 or 3 cm The author has 
successfully used esen narrower fields thinks 
lo the fluoroscopic control Tumors of more 
cxtcnsisc lateral spread of course require 
broader fields As a general rule hosvcvcr it 
must be recommended to choose an axis field 
somewhat narrower than the transverse diam 
eter of the tumor preferably not exceeding 
5 or 6 cm although this gives a somewhat 
hichcr dost m the center than m the marcmal 
rones of the tumor Apparently this is of no 
decisive sicnificancc and it may even be 
imagined to offer an advantace as the pcriph 
era! heller vascularized and nourished tumor 
tissue ma\ respond to smaller doses than the 
central part at the point of origin whi-h 
usuallv exhibits infection and necrosis and 
which IS in most cases the last part to yield 
to irrailialion It seems important that by usmi; 
a field nol ttx> wide il is possible lo spare 


and preserve the tumor bed a factor of the 
utmost importance in healing 

INDICATIONS FOR USE OF MOVING 
FIELD RADIOTHERAPY 

Carcinoma of the intraihoracic part of the 
esophagus appears to be a particularly suitable 
object of rotational therapy because (1) this 
deep seated organ runs nearly m the long axis 
of the approximately cylindrical thorax and 
because neoplasms of the gullet display a 
tendency to spread m the longitudinal dircc 
lion (2) the majority are squamous cell car 
cinomas of sufTicicnt radioscnsitivity and (3) 
the centering of the axis of rotation in the 
tumor can easily be controlled fluoroscopica'ly 
simply by using the therapeutic radiation for 
this purpose In addition the clinical results 
of stationary field external irradiation and of 
attempts at intracavitary radium therapy have 
been unsatisfactory and until recently these 
tumors were inaccessible to surgery 
As regards the delineation of the indica 
lions for rotational therapy versus surgical 
treatment the author shall confine himself to 
the personal statement that all cases of mtra 
thoracic esophageal carcinoma considered in 
operable should be given the chance of bene 
filing by rotation irradiation 

Other Tumors For the lime being while 
rotation therapy is m a stage of clinical cx 
pcriment it would seem indicated only for 
inoperable tumors 

As the rotation technic is designed lo dc 
liver a high dose lo a small volume in a dtcp 
site It would a priori seem to be applicable 
chiefly in the treatment of tumors of ihu 
trunk In addition to bronchogenic carcinomi 
and other tumors of the thoracic cavitv virtu 
ally all tumors occurring in the inttnor of the 
trunk may be submitted to rotation therapv 
cancer of the gastrointestinal tract — pariicu 
larly the rectum — bladder prostate and true 
pelvis As far as cancer of ibt uterine cervix is 
concerned the results obtained bv a combma 
tion of intracavitary radium therapv and cx 
Icmal conventional stationary field irradiation 
arc relatively pcxKl so that for the lime hems 
It seems reasonable to restrict the indication of 
rotation therapy lo inoperab'c recurrences 
But there mav be reason to try rotation 
irradiation also in the treatment of tumors 
m pans other than the trunk such as the 
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cervical part of the csophat,us hypophirynx 
larynx, mesopharynx nasopharynx and pitui- 
tary, all of which arc rather easily visualized 
on the screen It is presum ibly also worth 
trying m the treatment of mtracnmal tumors 
and certain tumors of the extremities such as 
osteosarcoma of the femur 
Thus the indications may theoretically be 
wide in fact corresponding to those of cross 
fire deep therapy on multiple fields, as rota 
lion may in a waj be considered a further 
elaboration of this technic The following 
general rules may be set up The smaller t c 
narrower the tumor the more central its 
localization m the part concerned the easier 
Its fluoroscopic visualization or the easier and 
more accurate the placement of the rotation 
axis the more reason there is to consider 
rotation therapy 

Clinical Observations 
The account of the clinical observations 
during the performance of rotation therapy 
is based mainly on personal experience from 
more than 600 eases of esophageal carcinoma 
thus treated 

LOCAL AND GENERAL REAaiONS 
What strikes one particularly is the tolerance 
exhibited by the patients both as regards the 
general condition and the local reactions m 
the skin and other irradiated tissues It may be 
said that this technic affords a means of dc 
livenng a sufficiently high and localized tumor 
dose to the esophagus and its immediate sur 
roundings without too severe impairment of 
the patients general and local condition 

The skin reactions are moderate corre 
spending to the favorable even low dose 
received They appear usually in the form of 
slight or moderate diy epidermilis Later the 
skin of the radiated zone often resumes its 
normal appearance 

Reactions in deeper irradiated structures 
are also mild Radiation pneumonitis and 
lung fibrosis are virtually unknown owmg to 
the even low dose distribution outside the 
axis field Also cardiac symptoms and electro 
cardiographic changes do not occur Fairly 
often the treatment may be accompanied by 
a fall m blood pressure which however 
seldom gives rise to subjective complaints 


Clinical Application of Roentgen Rays 
Radiation myelopathy and railiatton osteitis 
of the spine have not been observed 

The response of the tumor is soon apparent 
and may be followed during the daily screen 
ing control In two thirds of the total cases 
and m four fifths of those in which a curative 
treatment W'as attempted complete or nearlv 
complete primary freedom from symptoms 
was obtained 1 c normal or almost norma! 
deglutition and rocntgcnographic signs of 
marked improvement of the passage often 
with a normal mucosal pattern Gastrostomy 
even preliminary, was rarely required 

Co/uphcaiions from loo rapid a breakdown 
of the tumor tissue such as hemorrhages and 
perforations may be kept at a low level by 
avoiding too high daily and total doses as 
mentioned above 

Ohserxntlons durtng rotation therapy of 
tumors m other sites arc scant scattered and 
selected On the whole however they serve 
to confirm the finding of high tolerance slight 
local and systemic reactions and marked 
response 

RESULTS 

As will be seen from Table 19 1 the clinical 
results of rotation therapy m inoperable m 
trathoracic esophageal carcinoma are stm 
mostly palliative the improvement obtained 
being m most eases temporary Recurrence m 
the esophagus is not uncommon, most of them 
developed above or below the primary stenosis 
and sometimes yielded to another course o 
palliative rotation therapy Many patients were 
able to swallow to the very end and death 
was in most cases due to metastases an 
cachexia 

In the 6 patients living more than 5 years 
the histologic diagnosis was squamous ce 
carcinoma Adenocarcinoma of the esophagus 
and cardia or carcinoma of the gastric fun us 
did not in any case benefit by rotation therapy 
longer than 15 months . 

A rather marked drop in the survival wi 
be noted in the third year which is due to 
metastases and local recurrences that may 
appear even at the end of 3 and 4 years us 
the 5 year salvage of the total number is 
below 3 per cent 

Despite a higher primary mortality (owi g 
to perforations and other complications) m 



The Clinica! Application of Moving Field Radiotherapy 


337 


TABLE 19 1 —Rotation Treatment of 242 Patients wttii Carcinoma of the 
INTRATHOR^CIC ESOPHAGUS RaDHIM CENTER COPENHAGEN 
(Front 1941 to 1944) 




Total 

patients 

242 

No of 
patients 
treated 
231 

So of 
pijfienfj 

on uhont 
attempt at 
cure Hfli made 
185 

l\o of 
pafienii 
u/io were 
fulls treated 

126 

AUte 


Per 

Per 

Per 

Per 

years 

Number 

cent 

cent 

cent 

cent 

1 

89 

24 

25 

31 

47 

2 

30 

12 

13 

16 

24 

3 

14 

6 

6 

7 

11 

4 

9 

35 

4 

5 

7 

5 

6 

23 

26 

3 2 

48 


All ea«es were constdered inoperable no case was refused irradiation 

All Cl es aliAe more than 5 years were micro copicaliy \erlfied < quamous-cell carcinoma) 

One fourth of all patients and half of the fully treated patients were alite ^ year 

One eighth of all patients and one fourth of the fully treated patients were ali'e t years 

Si* per cent of all patients and Jl per cent of the fully treated patients wen allte 3 years 

"• 3 per cent of all patients and 1 8 per cent of the fully treated pati nts were alhe 5 years 


carcinomas located in the upper and middle 
thirds than in the lovser third of the intra 
thoracic esophagus the 2 and 3 year survival 
rates seems to be nearly the same for all three 
localizations (when adenocarcinoma of the 
lower third is excluded Table 19 2) 

The problem of regional lymph node 
metastascs would seem to present most dif 
Acuity in rotation therapy of esophageal 
carcinoma as it calls for broader axis held 
thereby counteracting the advantages of the 
dose distribution m rotation irradiation 

The rejiiffj o/ rotation therapy of other 
fimiorj are still few and scattered No statistics 
can be presented The author has treated a 
limited number of selected cases of inoperable 
bronchogenic carcinoma (mainly after arti 


hcial pneumothorax) So far only palliative 
results have been obtained As might be 
expected the same applies to carcinoma of 
the rectum and adenocarcinoma of other sites 

PENDULUM OR ARC IRRADIATION 
Description 

In this form of moving field irradiation 
originally advocated b> Kohler and associates 
the tube moves while the patient is in the 
motionless horizontal position The movement 
of the tube is usually restricted to a part of a 
circle (pendular movement) about a hon 
zontal axis that may be set at vary me levels 
over the table The central ray may be at a 
right angle on the axis of rotation or it may 


TABLE 19 2— Rotation Treatment Radium Center Coffniiacen 
Slrvival Rates Analyzed Ac-cording to Different Sites 
OF iNTRATHORAaC EsOPHACEAL CaRCISOMA 


t.ocalion 


Jugular vein to 

bifurcation of trachea 
At the bifurcation 
of trachea 

Bifurcation to cardia 
At the cardia 


Number 

of 

patients 


26 

94 

71 


Per rent 
of 

all cases 


10 

40 

10 

20 


Alne 
5 scars 
or lons;er 
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be more or less obliqiic The center of the 
tumor IS m the axis of the pendulum This ud 
justment, effected by movements of the op 
piratus and the tabic must be extremely 
accurate and therefore often requires radio 
graphic or fluoroscopic control Continuous 
fluoroscopic control, however, is not praciic 
able during (he irndi ition and it is not ibso 
lately necessary considering that the patient 



fig 19 7 Siemens equipment for pendulum Irrodio 
tion (After Kohler ] 


lb motionless It is a st/if qua non that (h- 
axis of the pendulum is accurately centered 
and that this may be reproduced without too 
much difficulty at each sitting Successive arc 
irradiations may be performed at different 
angles on the horizontal axis through the 
tumor 

Apparafus 

Various types of available units may be 
equipped for pendulum irradiation with fairly 
simple means Ready made sets are marketed 
(Figures 19 7 and 19 8) which are provided 
with a visuat localizer for centering on the 
surface One is 6tted with a mechanical con 
tnvance by which the horizontal arm carrying 


Clfnlcnl Application of Roenlgen Rays 
the tube hood is movable in different dircc 
lions This rnovement may be free or coupled 
so that the central ray can be directed all 
the time at the same point The unit con 
tains a special table with hydraulic level 
adjustment 

Principles and Proctice 
The dose distribution in pendulum irradia 
lion and its dependence on different factors is 
similar to that in rotation or convergent ir 
radiation For details the reader is referred to 
the papers by Kohler el al 

The choice of the area of the axis field and 
she dosas^e htc dependent on the same pnnu 
pics as in rotation therapy 

Dose measiirenienis on phantoms form the 
basis of dose calculations in practice As m 
rotation therapy they must, as far as possible 
be controlled bv measurements of the tumor 
dose in each individual case 

Indicotions 

The indications arc the same as slated 
under rotation therapy This technic is espe 
cially suitable m dealing with tumors in 
eccentric situations close to the surface (such 
as lymph node metastascs) Pendular irradia 
lion of these sites docs not achieve merely a 
marked sparing of the structures superficial 
to the tumor but deep to the tumor there is a 
steep fall m the dosage owing to the diver 
gcncc and absorption of the radiation 
Provided the axis of the pendulum is aligned 
with sufficient accuracy, arc irradiation is no 
doubt the method of choice m certain special 
cases In measurements on phantoms the 
author found that pendulum irradiation of 
180® (or slightly more) about each of two 
symmetrical axes equidistant (2 to 4 cm ) 
from the median plane would give a favor 
able dose distribution m the true pelvis The 
three dimensional intensity distribution as 
sumes the shape of a saddle In the frontal 
plane the dose distribution shows a rath'*r 
low level around the mid line, increasing 
considerably toward the lateral pelvic wall 
and falling peripheral to the latter In the 
sagittal plane the maximum value occurs 
about the mid line showing a rather steep 
fall anteriorly toward the bladder and posteri 
orly toward the rectum Such a dose distribu 
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Fig 19 8 Muller eguipmenl for moving fietd irrodiolion 


tion %vould seem tdejl in the combined rocot 
gen and radium therapy of cervical carcinoma 

Clinical Results 

Clinical results cannot yet be reported as 
the numbers treated are too small 

CONVERGENT IRRADIATION 
Description 

In convergent irradiation the patient is also 
m the motionless horizontal position (sitting in 


exceptional cases) The tube moves about an 
axis forming an angle on the long axis of the 
body The central ray is oblique on the rota 
tion axis 

Apparatus 

Green and collaborators rotate the hori 
zontal patient about a vertical axis 

In the Siemens convergent irradiation unit 
which presents an elegant technical solution of 
the problem the lube moves over a spherical 
segment in the uay that the small round field 



Fig 19 9 In th* S tmeni wnit for convergont irrod ehen fh* ftld of 
♦ rilrjf mo «i in o ip rol on Iho furfoco wh l« i(i« ctnlrol roy I* dirtetod 
oil Iho timo of Iho »otn« pool in tho doplh Iho «♦ Itr of ih* «en 
vtrgoni end rofoing btom (Cevrforf F VYothimonn ) 
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of entry describes h spinl on the skin During 
this movement the ccntnl ny is directed 
against the same point of convergence in the 
depth (Figure 19 9) The entire circular ir 
radiated field receives approximately the same 
dose The center of convergence may be placed 
at varying depths below the sujacc by dis 
tance tubes of varying length fly means of 
various circular diaphragms moving with the 
tube tumor fields of a diameter from 2 to 10 
cm may be obtained 

Dose Distribution 

Figure 19 10 conveys the type of the dose 
distribution obtainable with the Siemens con 


Clinical Application of Kocnfgen Rajs 
means of centering and marking devices that 
serve also to reproduce the setup (Figure 
19 II) The dose is varied by altering the 
tube current, as the lime of revolution is con 
slant 

EVALUATION OF THE DIFFERENT 
FORMS OF MOVING FIELD 
IRRADIATION 

It IS still loo early to compare the three 
forms of moving field therapy All three aim 
at the same goal of increasing and concentrat 
ing the depth dose within the tumor area and 
of leveling olT the dose outside this area 
This end may be attained by various more 
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fig 19 TO Typ« of cfoi« divtnbvtion (uedoiei) obloined wilh lh» 
Sieineni cenvcrgorii Irradialion vml (Cevrfot/ F Wochimonn ) 


vergent irradiation unit The smaller the dn 
phragm the greater the relative depth dose 
(up to 400 per tent) An even higher depth 
dose may be obtained by setting up another 
field of convergence on the opposite side of 
the body 

Dose Measurement 

In practice, the dose distribution is measured 
on the basis of standard isodosc charts result 
mg from measurements on phantoms and 
calculations Corrections must be made for 
the volume and consistency (bones lung 
tissue} of the part concerned 

Conduct of Treatment 

After a suitable diaphragm and distance 
tube have been selected the ray is centered 
on the tumor as accurately as possible by 


or less elaborate and intricate means but m 
any ease the accurate placement of the axi* 
of motion IS of capital significance Failing 
this the entire procedure becomes illusory 
while imparting a false feeling of security 
For the moment it would appe^ 
advantageous to choose the simplest method, 
affording the safest control of cenfennS ^ ® 
rotation with constant fluoroscopic control 
Theoretically the other forms of movinc 
field therapy are excellent and may fumis ^ 
multitude of favorable dose distributions ap* 
plicabic in practice Their advantage is l ^ 
they may be used for all sites not only 1 c 
mmonty of cases m which the tumor may 
visualized Moreover the motionless horizon 
lal position of the patient guards against dis 
placement during the irradiation 

It may seem questionable however whether 
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the technical equipment available today af 
fords a quite sufficient guarantee of accurate 
alignment of the axis in practice and whether 
It permits an accurate reproduction at each 
sitting The precision devices required for this 
purpose concerning the suspension of the 
tube as well as the movements of the table 
call for further elaboration and testing Lil^e 


improvements alone cannot bring the final 
solution of radiotherapeutic problems But 
as long as practical radiotherapy of cancer 
consists in delivering a certain dose of radia 
tion to a certain volume of tissue the time 
and care expended on attaining the most 
favorable solution of this limited problem can 
hardly be repented Only by doing so can we 



Fig 19 11 Al gnment iKe <«nler *1 tonverg*n<« en Ih* paii»nt by 
n<«cini « <ent«rin9 (Covri^tjr Si«m*n«) 


Wise the possibilities of radiographic and 
fluoroscopic control of the centering must be 
improved and solved technically for practical 
purposes These arc relatively simple mechan 
ical and technical problems that can be and 
probably will be solved now that the manu 
facturers are taking an interest in the produc 
tion of equipment for moving field therapy 
A more difficult physical problem js pre 
sented by the practical determination of the 
integral dose a highly desirable factor in 
deciding which form of moving field therapy 
IS to be applied m each individual case 
It is clear that mechanical and technical 


hope to be able to relate the therapeutic re 
suits to the dose and dose distribution and 
to create the necessaty basis for titiliimg 
expenmental radiobiologic experiences m 
clinical practice 

It must be admitted that the radiotherapeu 
tic technic is still m a relatively primitive stage 
even the beam direction technic on multiple 
stalionarv fields In comparison with the latter 
moving field irradiation affords evident physi 
cal advantages The question remains whether 
It may be elaborated m practice to afford 
sufficient precision and in a technical form 
that does not require more time and energy 




CHAPTER 20 


The Clinical Application of the 
Betatron in the Treatment of Cancer 


Roger A Harvey 
and 

John S Laughlin 


DESCRIPTION OF THE BETATRON 

The bctntron was so named by its inventor 
Professor D \V Kerst (1941) because it is 
an electron acccicrntor A horizontal cross 
section of its accelerating tube the donut is 
shown in Figure 20 I Electrons nre injected 



Fig 20 t Diagram of the oceeleration of electrons In 
o betatrori and the production and cellimotion of 
the X ray beam 

intermittently into the tube from the electron 
gun These bursts of electrons are continuously 
accelerated in a circular orbit by the action 
of a changing magnetic field After the 
electrons have been accelerated to a high 
energy approximately 24 mev in our medical 
betatron they are deflected and strike the 
target The sudden stopping of these high 
energy electrons m the target produces x rays 
with maximum intensity in the forward direc 
tion These x rays have a continuous energy 
spectrum extending from a maximum of about 
24 mev to the lowest energy transmitted 
through the porcelain wall of the donut As 
shown in Figure 20 1, the x rays pass through 


a dilTcrcntial aluminum filter and also throuzh 
n lead collimator The collimator defines the 
beam and is easily and quickly changed iO 
obtain different fic'd sizes Our smallest field 
Is I cm in diameter and the largest 15 cm at 
80 cm from the target Intermediate field sizes 
arc available and both circular and rectangular 
fields arc used m clinical application The 
differential filler is constructed so as to make 
the intensity of the beam uniform across the 
field This produces fiat isodose surfaces lo 
the patient 

PHYSICAL ADVANTAGES IN 

BETATRON X RAY THERAPY 

The betatron x ray beam has several distmct 
advantages for application to therapy 

Depth Dose Distribution 

The depth dose distribution produced m 
the absorption of these high energy x rays 
reaches a maximum about 4 cm below the 
surface of the body and has minima on hot 
the entrance and exit surfaces A typical 
distribution is shown in curve A of Figure 
20 2 for a 5 cm diameter field at 80 cm 
target skin distance Precise dosage measur^ 
ments [9, 10] have established that thougu 
there is dependence of depth dose on fie 
size it IS limited and small in comparison wi 
the strong dependence typical of lower energy 
X rays A significant feature of curve A m 
Figure 20 2 is the high percentage dose a 
considerable depth due to the penetration o 
the high energy x rays For comparison cu^e 
B [17] in Figure 20 2 is the depth dose ms 
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Fig 20 2 A Dtpth dat« dutributio" pf«<lu<«d in « 
water phantom by 24 mey betotrafi » ray bearn 5 
cm iitdamefer at 80 «m TSO B Cvrr. plotted from 
depth do»e data obtained with o 200 hv * ray beam 
1 mm C« flier 1 mm C« H V 1 S <m d am.ter at 
80 cm TSD (From E H Qg.mby [\7\ P«9* 402) 


tnhution for a 200 kv x ra) beam 5 cm m 
diameter at SO cm target skin di^incc 

Side Scatter 

At these energies side scatter » greatly 
minimized which permits a greater decree of 
loc-itiiation of the beam inside the body This 



B 



A 


Fig 20 3 A Film expoted in phantom to X ray beam 
from 24 m*v b*tolfon S cm feld diameter 80 cm 
TSD 8 film expoied In lome phantom to k ray beam 
from 200 k* x toyt 1 00 mm At and 0 5 mm Cu filer 
S cm field diameter 60 Cm TSD Block I ne along left 
»do thowi edge of f'm or ikm lurface (From Harvey 
Hoot ond leugMm 1 4) covrteiy Sodologz) 


fealurv as well is the penetration ts displayed 
qualiiaiiscl) in Figure 20 3 The lower film 

(A) was exposed m a phantom of bodjlikc 
material to the betatron x ny beam The max 
imum intensity below the surface the minimal 
surface intensities great penetration and 
sharp definition arc apparent The upper film 

(B) was exposed to a 200 kv x rav beam with 



Fig 20-4 Matt absorption confficientc for i dicated qvonlum energies in bene fat and 
mu«cl« relative to or Absolute obwpl an m ot^/gram reenfgen in these media can be 
ebta ned by mull plying the values m the graph by 83 7 ergs/g am roentgen (From 
loughlln [tl] courtesy Nuc/eonics) For reuilts of a similar eoltulofien see H E Johns 
Medicof Physics Chicago "fear Book Publishers Inc 1950 vol 2 p 791 
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fg 30 5 Itodeie turtaces produced In o wvter 
phofttom ty ihs obiorption «f o 24 mer b«latron 
X ray beam A jmoU carbon fUtr woi omployod 1c 
make the beam inten>1ty uniform The open circlet ate 
icniiotion chomber meaturementj wh (« the tel d c rclet 
ore dafo obtained with tlmj ifrom loughlin Beattie 
Lindsay ond Horvey [lO^ courfety Amtritaa Jainnaf 
of Roentgenology Radium Theropy ond Nvslear Aledi 

the same sized beam and target skm distance 
with 0 5 mm Cu and 1 0 mm Al fiftration 
The differences m distribution of energy are 
obvious 

Absorption m Bod/ Tissues 
At the betatron energies the concentration 
of ionization jn bone per gram roentgen is 


Clinical Application of Rocnlgm 
not significant!) greater than that in muscle 
ind fat The basis for this js illuslraled u 
Hgurc 20*4, in which the mass absorption 
coefficients tn bone, fat and muscle relative 
to nir have been plotted as a function of 
energy The curves arc an extension to higher 
energies of absorption curves by Spien The 
construction of the curves required calcub 
tions of the contribution by both the scatter 
ing effect and pair nnd triplet electron forma 
tion effect The integration of these relative 
mass absorption eocfficicnts over the betatron 
effective X ri) intensity spectrum >ic!d the 
effective relative mass absorption coefficient 
jn bone, muscle and fat Values of these arc 
lahulated m Tabic 20 I For comparison 
values calculated in a similar manner for 
200 Kv X ray generator and 50 mev betatron 
machines arc also presented 

Isodoso Surfoces 

Smcc the output from betatrons is relaiivclv 
high It IS convenient to use differential filters 
to produce beams with uniform intensity over 
the field The filter material is of low atonuc 
number cither carbon or aluminum in order 
to absorb low energy x ray $ more than higher 
energy x ra)s and m order to ntmtmtzc th 
number of neutrons to which the patient is 
exposed A typical isodose distribution for a 
single field is shown in Figure 20-5 

ClINICAl APPLICAUON OF BETATRON 
THERAPY 

c Historic Introduction 

The first patient was treated with a 20 mev 
betatron m the Department of Physics at the 
Univi.rsit) of Illinois m 1948 [16] In the 
spnng of 1949 the Physics Department at th-' 
University of Saskatchewan in conpnction 
with the Saskatchewan Cancer Commission 
inaugurated part time patient treatment with 
a similar betatron [5] Our local experience 
started m the summer of 1949 when the Uni 
versity of Illinois College of Medicine mstalled 
the first betatron in a therapy department and 
restricted its use to medical treatments an 
closely related research problems Since then 
we have treated 40 patients All patients have 
received treatment with the x ray beam, bu 
the electron beam has been utilized to evaluate 



The Clinical Application of the Betatron in the Treatment of Cancer 


345 


TABLE 20 1 — Effective Mass Absorption Coeffioents per Gram Roentgen 
Relative to Air for Continuoi/s X rav Spectra 


Maximum energy of x ray spectra 


Absorbing 

material 

200 kv 

(1 mm Cm filter) 

2S me\ 

(5 cm Al filter) 

50 mex 
(unfiltered) 

Bone 

2 07 

1 14 

1 44 

Muscle or tissue 

1 10 

1 09 

1 06 

Fat 

95 

1 06 

1 02 


This table displays the effective relitlve absorption coeRlcIents In bone Jnu cle and fat for 
the X rays generated by accelerators of the indicated maxlmuin energies 
Source From Laughlm [ll] (Co»rfc»i/ JVjicJeonfce ) 


problems of application and to make prelirm 
nary observations on the biologic effects of 
this second type of beam for clmicaf evalua 
tion I-igure 20 6 illustrates the physical plant 
of our betatron installation 

Selection of Patients 
There is no evidence to date of altered 
sensitivity of different types of neoplasms to 
the betatron beam The total size of the nco 
plasm must be less than the largest field size 
which IS IS cm at 80 cm target skin distance 
Metastatic or disseminated types of neoplasms 
have not received greater relief from this 
type of treatment to warrant additional effort 
for this treatment to date The final factor is 
a deep location of the tumor 


Preparation of Patients 

Particular stress is placed upon localization 
of the tumor and the size and shape of the 
body at the cross sectional levels of the tumor 
The degree of penetration increases the num 
ber of fields that can be used but the some 
what limited field sizes and the lack of 
significant side scatter make it dangerously 
easy to miss the tumor from remote entrance 
fields These distant fields may be undesirable 
from the standpoint of volume dose to inter 
\enmg normal tissues or high dosage to a 
specific Vital structure in its path such as the 
esophagus and spinal cord m chest cases 
Otherwise the plan of application is similar to 
that for more conventional radiation therapy 

Figure 20 7 shows treatment planning for 



Fi9 20 6 
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A 

Fig 30 7 (Leil righf) Treatment planning for on 
upper lung neoplosm is shown with numbered sites 
representing entrance and exit beam zones Depths 
A B and C indicate zones to which delivered doses 
should be iimiler Entrance sites 3 and ) would be 
used least of all because of large volume dose to 
normal tissues in the path of the beam (From Horvey 
Hoss end laughlin [4] ecu tety Rodiofogy) 



an apical lung tumor The largest amount of 
treatment would be given from points 3 4 5 
6 7 and 8 The other points of entry are 
used to a lesser extent (particularly 2 and 1) 
for It IS doubtful that the net gain of irradia 
tjon in the tumor warrants the risk of such a 
high absorption in the normal tissues We 
rarely use less than 5 or more than 9 entrance 
fields for each tumor [4] The construction of 
a typical isodose chart for a bronchogenic 
cancer is shown m Figure 20 8 

Reactions in the Patient 
The lack of reactions or the minimal extent 
of these is sinking with the betatron There 
are no sensations during or immediately after 
treatment Epilation m the treated areas js 
more pronounced than erythema but hair 
has regrown nicely m epilated zones The 
erythema has been mild and dry even m the 
most heavily irradiated areas [2] Only 2 pa 


tients have complained of nausea Dysphagia 
has been troublesome when the esophagus was 
in the path of several converging beams 
Intracranial pressure has diminished dunng 
treatment of five brain tumor cases and m 
creased m one Delayed reactions have not 
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The CliBica! Application of the Betatron m 
appeared in the jear and a half of our treat 
ment experience 

Results of Treatment 

The relatively small number of patients 
treated the variety of neoplasms tested and 
the extent of the neoplastic disease at the lime 
treatment was started do not permit conclu 
sive opinions at this time A few observations 
are heartening 

Oral neoplasms have shown extensive 
sloughing of the diseased tissues when about 


mgs at the end of treatment Erythema and 
pigmentation are moderate and pam con 
stunt before treatment begun to ease away 
dunng treatment and was widely intermittent 
at the end of treatment Another similar 
patient treated earlier by the same method 
has shown recalcification of the eroded nb 
Figure 20 10 and complete relief of pam 
6 weeks after treatment Recalcification was 
first observed 4 months after treatment and 
has increased steadily The soft tissue apical 
density continues to lessen m size Experience 



F 19 209 the pretrealment photesropS tieh) thftwi the desiee of toinmue I'nehing arid v»t>«uv d>U«rvlibnt 
with a Ponceatl tumor The other photograph (rtghf) thpwt »an>* oreo on >h» loit doy of treatment A elight degree 
of pigmentation and local ep lotion i» preient In 20 IreotmenU over a period of 26 doyi 11 063 hefotron r were 
delivered to the tumor Eight fields were used 


one third of the total dose has been delivered 
but hemorrhage has not occurred 131 Sub 
sequent healing has been good and can be 
attributed to the sparing effect of the dose 
distribution on adjacent normal tissues 

Patients with intracranial neoplasms have 
tolerated treatment very well Their post 
treatment course has been generally one of 
improvement m most re pccts but late results 
are not expected to be outstanding The origi 
nal size of most of these neoplasms was such 
that considerable functioning tissue was either 
destroyed or irreparably distorted prior to 
treutment 

The bright spot m response of chest neo 
plasms has been chiefly m the apical area 
where bone destruction and pam are promi 
nent Figure 20 9 shows one such patient 
before and on the last day of treatment The 
original degree of supraclavicular swelling and 
venous stasis are m sharp contrast to the find 


with bronchogenic carcinomas located in 
central and lower lung areas has not been 
encouraging so far but the cases we have seen 
have been inoperable and extensive Limited 
experience with lymphoblastomas and oal cell 
carcinomas has shown expected regression of 
the treuted tumors but the natural history of 
these tumors maVes it difficult to keep up with 
their reappearance elsewhere in the body 
Treatment of abdominal tumors has been 
limited to terminal bladder cancer one cervix 
cancer one inoperable adenocarcinoma of the 
head of the pancrc is and a metastatic oat cell 
carcinoma to the upper abdomen Some of 
these patients have had mild radiation nausea 
OT diarrhea but these symptoms were 
markedly diminished by reducing the total 
daily dose and promptly disappeared at the 
end of treatment Hematuria ceased during 
treatment of the bladder cancers and one 
autop^ showed marked and highly selective 







Fig 20 10 Another Poncoost tumor potient with typ eol opieaJ dennty and rib 
dejtruction before treotmenf it thown in the upper roenfgenogrom Decreoiing le" 
tistue dentify ond recolcificot on of the rib (fower) ore ihown 8 montht ofter freot 
ment with P081 betatron r to the tumor in 23 treolmenti over a period of 32 doyt 
S* feldj were used {from Horvey Hoot ond LaughliH [4] eovrlai/ Radiology) 


destruction of the anaplastic cancer as com 
pared with adjacent normal tissues which 
appeared to be relatively unafTected [4] The 
tcrvix case showed good distribution of the 
internal reaction regression of the local tumor 
but some lateral induration since which may 
be due to inadequate treatment in the early 
stages of our experience The pancreas tumor 
patient tolerated treatment without a com 
plaint or symptom has been comforlabk and 


has worked regularly for more than 6 months 
since treatment A metastatic oat cell tumor 
within the abdomen regressed nicely under 
treatment but there are other evidences or 
the disease in the same patient 

We have not had experience with tumors 
of the extremities or bones either primary or 
metastatic but hope to test cases of this type 
Any differences that wc have obserxed 
thus far between conventional x ray therapy 
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F19 2011 A bri«f iunxnory of th« dotaili of treolmeni of on« group of potjonti (From Harvey Haai and 
loughi n ^4] eovrieiy Rodiology) 


and betatron x ray therapj can be largely 
explained on the basis ot delivering an ac 
curate dose to the tumor while sparing normal 
tissues to a significant degree This advantage 
IS best appreciated by reviewing Figures 20 1 1 
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F>g 20 12 Shows dose voriatoii in different tissue 
zones o| 7 patents from F gure 20 11 Skin dose vono 
t ons ote due to diffeiente between eMtonte and e»l 
dose levels end to what extent entrance and exit fields 
were superimposed in treatment The small voriotrort in 
dose at different levels of the tumor and the low dose 
in healthy tissue in the path of the beam are partK 
ulorly Significant The fifth patient In this g oup bod 
se erol areas of the body treated and this aetevnft 
lo the rother h gh heolthy tissue dose (From Harvey 
Hoos and loughl n courtesy Rodolegy) 


20 12 and 20 13 The first figure gives general 
data on a group of patients treated m October 
19S0 Figure 20 12 shows the dose variation 
10 skin tumor, and average dose m healthy 
tissue that was unavoidably irradiated Only 



in the beom path (From Harvey Haos and loughi n 
[4] cearfesy Rad ology ) 


the fifth patient m this group experienced 
radiation sickness and it will be noted that his 
healthy tissue dose was much larger than that 
of any of the other patients Figure 20 13 
shows the integral dose for tumor and healthy 
tissue irradiated 
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CURRENT DEVELOPMENTS magnetic shunt method is employed to extract 

, the beam [18 19] Figure 20 15 shows a film 

Rotational Therapy exposed parallel to the path of an electron 

In certain cases rotation of the patient is beam of 18 1 mev energy and 9 cm diameter 

practicable as presented by Trump and Hare field It demonstrates the definite range of 

and by us at the Sixth International Congress electrons in contrast to that of x rays m 

of Radiology m London in 1950 Rotation Figure 20 2 Depth dose data obtained from 

simplifies the attainment of a multiple field various energies are shown in Iigure 20 16 

treatment Although rotational methods with The field size was 9 cm in ill these and the 

the betatron would not improve the dose dis size can be varied conveniently Tissue toler 
tnbution greatly over that obtained with mul ance studies are well along now and an early 
tiple field technic the greater convenience human application of the electron beam will 

appears attractive Figure 20 14 shows the be made to breast cancer Such an application 



Fig 20 14 (lall) Film expated in cylinder rolabng in polh of 3 cm d amefer betolron * ray b»oio (RighO jl’* 
lolid point] Ore density meoiuremenfs of ftm at left The solid curve Ii a theoretical caleuloton (From laugnlm 
Harvey Haas Lindsay and Beott e [8] courtesy Ameneon Journo! of PoenJgeno/ogy Rodiom Iheropy and Nucieor 
M dicine ) 

dose distribution by film density and expen takes advantage of the unusual depth dose dis 
mental graph obtained from a cylindrical body tnbution of this beam 

rotated in the path of the betatron x ray beam Several hundred patients have been treated 
[8] Similar localization results from our with our betatron and the added number of 
present multiple field technic but with greater patients with longer periods of observation 

daily effort A full sized phantom man is have not changed our original observations as 

being used to explore rotational technics to outlined in this chapter We have reduced ihc 
a greater degree amount of dailv dose and the eventual total 

dose as well as lengthened the over all treat 
Electron Beam ment time m order to minimize late radiation 

The direct electron beam from the betatron effects in deep tissues that were close to 

IS also of interest m therapy Electrons are bearing regions and therefore unavoidab y 

absorbed differently from x rays with the re irradiated Our associate Dr Lewis L Haas 

suit that the depth of penetration of on has extended his application of the t rav beain 

electron beam in tissue has a definite limit ra the form of spray irradiation to several 

Consequently the exit dose is negligible A patients with widely disseminated neoplasm 
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Fg 3015 Ftm «iip 0 »«d porell*) (o tl«(<ron bfom 
el 18 I m«« energy IncMe 1 «n e pretted«eed phenlam 
(Prem leughl n Harvey Heat LIndtoy e«d Beene 
|S] ceurfeiy Ame t0» lovtnot ef teen'gvnefogy 
Radium Thetepy end Hutfear Med ei el 

and has demonstrated some sinking rccres 
sions although the effect is admittcdl) icmpor 
iry and pilliatisc He has also trcatid scscral 
patients ssith surface and subsurface cancers 
with the electron Kam and conclusiscl) 
demonstrated its power to destroy radiation 
sensitise neoplasms and its main advantages — 
to be sparing of vital normal structures be 
ncath a treated zone with a limited surface 
area and depth volume of rcacaon — ^both of 


which minimirc discomfort to the patient and 
enhance hcalmc 

Absoluto Doso Measurement 
In all cases treated with the betatron so far 
the absolute dose has been expressed in terms 
of an arbitrara roentcen This rocniqcn is dc 
fined as the readme of a 25 r \ ictorcen thimble 
chamber at the point of interest The output 



Fg 30-16 Dvp'K dai* mveiurvmvnti In « waivr 
pKantom »ip«t>d Ip o 9 tm d em»i»r aUrtren b«om 
«f th* Ud tetvd •nrrg •• (Fren lewgM n Horvvy Hoai 
tlAdtay end B*eit * [5) teuHvty Am*r con Ppurnel «F 
tovnfgv elegy Red vm FFivrepy end Nuefver mvd c n« ) 

of the betatron is ordmanU measured with a 
25 r chamber at S4 cm target distance and 
centered in an 8 cm cube of lucuc Tlic 
biologic cffcctiscness of this unit varies from 
about 0 7 to 0 5 of that of the roentgen 
measured at lowcrsoltacesll 2 3 4] A more 
fundamental and ph)sicall) significant unit of 
dose would he the actual cres of cnergs dis 
sipated per gram of subst incc at the point in 
question A ca’onmctric technic employing 
thermistors has been developed and is being 
used to accomplish the direct measurement of 
dose in terms of ergs per gram 
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CHAPTER 21 


Methods of Applying Radium in Cancer 
Therapy 


J L Dobbie 


INTRODUCTION 

The methods of radium treatment of malig 
nant tumors at present m use have been prac 
ticed for the last twenlj or twent} five jears 
Naturally a number of methods and apphea 
lions have been discarded during that period 
More important have been two other factors 
the gradual agreement that gamma ray dosage 
can be measured in roentgens and the recog 
nition that for an effective command of the 
resources of radium therapy a dosage system 
that can be understood and applied by the 
clinician himself is indispensable At the same 
time the condition treated has come to be 
almost exclusively squamous carcinoma The 
sites treated are limited by the accessibility of 
the tumor by its size and in practice by the 
existence m some cases of an equally good but 
simpler method of treatment The accessible 
sites arc skin mouth uterus and breast and 
these with the important addition of the 
bladder which can be exposed surgically arc 
the t j pical sites for the employment of radium 
Thus radium therapy has arrived at a sta 
bilitj or c\en orthodoxy which permits of 
intelligible description and communication 
and which provides a background of possi 
bilitics in the mind of the clinician when the 
all important choice of treatment has to be 
made This chapter will be an attempt to rc 
view these possibilities m general terms and 
to define the indications for particular 
methods It is of course not intended as a 
complete guide For greater detail reference 
may be made to Ralston Paterson s The Treat 
mem of Malignant Disease b\ Radium and 
\ ra\s (10) 

The methods of brachyradium that is to 


say needle implants intracavitary methods 
and superficial applicators (molds) will 
be presented Although radium is referred to 
throughout other sources of yrays of the 
same intensity can easily be used instead Thus 
Co** can replace radium m all its applications 
and small plated gold slugs (Au”*) with a 
half life of 2 7 days have been used to replace 
permanent implant of gold seeds containing 
radon’' 

Brachyradium methods bear the marks of 
their ancestry m using (usually) multiple small 
units of radium with a dose time relationship 
founded on the results of earl) empiricism 
Because of this and also from necessities m 
herent in their mere mechanics they are 
subject to certain common limitations and 
have some common characteristics 

1 Accessible tumors only can be treated 
but this usually means that the tumor can be 
the more exactly defined 

2 Effective dosage is restricted to a plane 
of little depth or to the immediate proximity 
of implanted needles but because of this 
restriction the dose allowable is a high one 

3 The dose rate is planned to result m the 
administration of the whole dose in 6 to 10 
days 

Some of the implications of these character 
istics therefore arc cxlremelv favorable in 
particular the combination of a high dose 
stnctly confined and accurately placed repre 
sents the ideal of radiotherapy for squamous 
carcinoma as at present conceived 

The Stotemeni of Dosoge 

An early generalization on the importance 
ot liitic should be made here 

3x5 



356 

In X ray therapy and in gamma ray therapy 
it IS the invariable practice to relate the dose 
given With the time over which it is given 
When treatment is given by means of a mold 
that can be removed and reapplied daily there 
IS no difficulty and a fractionated treatment 
can be extended over any number of days 
just as in the case of x rays With implanted 
radium, however a free choice of time is 
restricted but the element of time m implant 
dosage remains as important as the number of 
roentgens delivered 

Functions of a Dosage System 

With any assemblage of radium intended 
for the treatment of a tumor the dose de 
Iivered will obviously depend on the amount 
of radium present its filtration the duration 
of application the area or volume covered 
and m many cases the distance between tumor 
and radium In addition to obtain as homo 
geneous irradiation as possible the distnbu 
tion and number of the radium sources must 
be considered 

The Paterson Parker system of expressing 
radium dose has been found to be most gen 
erally useful m practice [8 10} and examples 
of Its application will be given The necessary 
tables and rules have been published and wiH 
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be found m the references given Similar 
tables fay E H Quimby [12] are also avail 
able 

In every case the therapist must first come 
to three decisions (1) the appropriate type 
of treatment which is a clinical matter (2) 
the size of the tumor or the physical extent 
of the necessary treatment which is a matter 
of measurement (3) the dose required which 
is a matter of biology 

These decisions having been made the 
dosage system answers two questions (1) 
how much radium to use (2) how to dis 
tribute It The fact that the answer is given m 
milligram hours per 1,000 r sometimes causes 
confusion but as the lime will already have 
been decided by the statement of dose re 
quired the necessary milligrams can be de 
duced The convenience of this method is best 
illustrated by two examples 

1 By reference to the dosage system it is 
found that a certain implant requires 2 740 
mgh to deliver the required dose but it has 
been decided to deliver the dose in 200 hours 
therefore 13 7 mg of radium are required In 
practice however radium is available in in 
tegral units in this case it might be that a 
satisfactory implant could be constructed with 
either 12 mg or 14 mg As 13 7 mg is ideal 


TABLE 21 I — Milligram Hours of Interstitial Radiation Necessary 
TO Deliver I 000 Roentgens in Various Volumes 


(Filter 0 5 mm Pi) 


\ olume 
(cc) 

Mgh for 

1000 r 

Diameter 
of sphere 
(cm) 

Mgh for 
1000 r 

5 

200 

1 0 

40 

20 

320 

15 

100 

15 

390 

20 

180 

20 

440 

25 

280 

30 

540 

30 

390 

40 

620 

35 

475 

60 

750 

40 

575 

80 

870 

45 

675 

100 

1000 

50 

790 

125 

1120 

60 

1070 

150 

1250 

70 

1400 

175 

1390 



200 

1500 



250 

1680 



300 

1800 




SOURCF O CK er F H Quimly L & Taylor and J L Weatherwix PhyUent founlattona 
Of PaHotoai; 2nd cd New York Paul B Hoeber Inc 1952 p 266 (Courtesu authors aro 
publl her ) 
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the nearest choice available is 14 mj. Using 
now 14 rag the Ume for the original requited 
dose becomes 2 740 — 14 or 195 5 hours to 
the nearest half hour 

2 In the case of a mold it is found that 
3 650 mgh are required to deliver the le 
quired dose It has been convenient to load 
the mold with 63 mg of radium The time 
therefore is 58 hours If however it is desired 
to give the dose over a period of 8 days the 
mold will be worn daily for 58 — 8 or 7 25 
hours daily 

In this way the therapist is left as free as 
possible both to choose the conditions of treat 
ment and to make the best use of his radium 
in observing the distribution rules i e , be is 
not tied to an exact amount of radium but is 
guided to a figure to which he must approxi 
mate The actual amount of radium he does 
use then decides the exact tune of application 
Radium containers whether tubes or nee 
dies can be arranged m only a limited number 
of ways Implants take the form of one or 
two planes of radium or that rational form of 
pmcushiotung called the volume implant point 
sources lines and planes are used in intra 
cavitary methods and planes rings and 
cylinders are the usual forms of molds The 
dosage tables are equally applicable to all 
these patterns but it will be more convenient 
to treat the three main methods separately 
starting with needle impl ints because they are 
more widely used 

IMPLANTED RADIUM 
The Single Plone Implont 

The single plane of multitudinous applita 
tions perhaps deserves to be called the classi 
cal implant As an example it will serve to 
illustrate most of the considerations that enter 
into the design of a treatment 

An epithelioma of 3 cm diameter lying in 
a flat area of skin such as the cheek will be 
considered The three decisions mentioned 
have been armed at as follows First that it 
can be adequately covered m area and depth 
by a single plane implant m other words as 
there Will be no difficulty in treating a suffi 
cient area it has been decided that 1 cm of 
thickness will result m a sufficient depth of 
treatment As for dose 6 500 r in 6 5 davs 
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represents a reasonable decision (it is not 
su^ested as an invariable standard) Last the 
area to be treated must be decided and that is 
partly determined bv the needles to be used 
At this stage one has a general idea of the 
implant as an outline of radium wdl wide of 
the lesion with a number of needles crossing 
the area at about 1 cm spacing The tumor 
being of 3 cm diameter a simple way of 
treating it wiU be to build round it a square 
implant of 5 cm side using needles of 4 5 cm 
active length (the total length of these needles 
IS 6 cm ) In this way we finally arrive at the 
area to be treated 25 sq cm 
Turning now to the dosage tables we find 
that at 0 5 cm from a plane of 25 sq cm 
1 000 r IS delivered by 429 mgh This is the 
only use we make of the tables We proceed 
as follows 

1 000 r given by 429 mgh 
6,500 r given by 2 790 mgh 
6 5 days*156 hours 2 790—156=17 8 mg 
We now have to see bow closely this figure 
of 17 8 mg tan be approached m building up 
our implant with the needles awilable The 
implant cannot exist until it is outlined there 
fore the first step is to specify the bounding 
needles four 3 mg needles arranged m a 
square ol side 5 cm The boundary has used 
up 12 mg leaving about 6 mg to be dis 
tnbuted over the area 1 our 1 5 mg needLs 





Fig 21 1 0 agrom of implant o» intended Shoded 
area representi the tumor The generous morgin around 
Its apparent edge is deliberote ond important With tfi i 
arrongement of needles the vrhole orea Is treated to 
an effecfively uniform dose 


356 

In X ray therapy and in gamma ray therapy 
It IS the invariable practice to relate the dose 
given With the time over which it is given 
When treatment is given by means of a mold 
that can be removed and reapplied daily there 
IS no difficulty, and a fractionated treatment 
can be extended over any number of days 
just as m the case of x rays With implanted 
radium however a free choice of time is 
restricted, but the element of time in implant 
dosage remains as important as the number of 
roentgens delivered 

Functions of a Dosage System 

With any assemblage of radium intended 
for the treatment of a tumor the dose de 
hvered will obviously depend on the amount 
of radium present its filtration the duration 
of application the area or volume covered 
and in many cases the distance between tumor 
and radium In addition to obtain as homo 
geneous irradiation as possible the distnbu 
tion and number of the radium sources must 
be considered 

The Paterson Parker system of expressing 
radium dose has been found to be most gen 
erally useful in practice [8 10] and examples 
of its application will be given The necessary 
tables and rules have been published and will 


Clinical Application of Radium 
be found in the references given Similar 
tables by E H Quimby [12] are also avail 
able 

In every case the therapist must first come 
to three decisions (I) the appropriate type 
of treatment which is a clinical matter (2) 
the size of the tumor or the physical extent 
of the necessary treatment, which is a matter 
of measurement (3) the dose required which 
IS a matter of biology 

These decisions having been made the 
dosage system answers two questions (1) 
how much radium to use (2) how to dis 
tribute it The fact that the answer is given in 
milligram hours per 1 000 r sometimes causes 
confusion but as the time will already have 
been decided by the statement of dose re 
quircd the necessary milligrams can be de 
duced The convenience of this method is best 
illustrated by two examples 

1 By reference to the dosage system it is 
found that a certain implant requires 2 740 
mgh to deliver the required dose but it has 
been decided to deliver the dose m 200 hours 
therefore 13 7 mg of radium arc required In 
practice however radium is available in in 
icgral units in this case it might be that a 
satisfactory implant could be constructed with 
either 12 mg or 14 mg As 13 7 mg is idea! 


TABLE 21 I — Milligram Hoims of Interstitial Radiation Necessary 
TO Deliver 1 000 Roentgens in Various Volumes 
(Flier 0 5 mm Pt) 


Volume 
(cc ) 

Afgft jor 

1000 r 

Diameter 
of sphere 
(cm ) 

Mgh for 
1000 r 

5 

200 

1 0 

40 

10 
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1 5 
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15 
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20 

180 
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30 
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30 
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60 
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40 
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80 
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50 
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the nearest choice available is 14 mg Using 
now 14 mg the time for the original required 
dose becomes 2 740 — 14 or 195 5 hours to 
the nearest half hour 

2 In the case of a mold it is found that 
3 650 mgh arc requited to deliver the re 
quired dose It has been consement to load 
the mold with 63 mg of radium The lime 
therefore is 58 hours If however it is desired 
10 give the dose over a period of 8 days the 
mold will be worn daily for 58 — 8 or 7 25 
hours daily 

In this wa> the therapist is left as free as 
possible both to choose the conditions of treat 
ment and to make the best use of his radium 
in observing tbc distribution rules i c he is 
not tied to an exact amount of radium but is 
guided to a figure to which he must approxi 
mate The actual amount of radium he does 
use then decides the exact time cl application 
Radium containers whether tubes or nee 
dies can be arranged m only a limited number 
of ways Implants take the form of one or 
two planes of radium or that rational form of 
pmcushioning called the volume implant point 
sources lines and planes arc used m tntra 
cavitary methods and planes rings and 
cylinders arc the usual forms of molds The 
dosage tables arc equally applicable to all 
these patterns but it will be more convenient 
to treat the three main methods separately 
starting with needle implants because they arc 
more widely used 

IMPLANTEP RADIUM 
The Single Plane Implant 
The single plane of multitudinous applica 
lions pi,rhaps deserves to be called the classi 
cal implant As an example it will serve to 
illustrate most of the considerations that enter 
into the design of a treatment 
An epithelioma of 3 cm diameter Iving in 
a flit area of skin such as the check will be 
considered The three decisions mentioned 
have been arrived at as follows First that il 
cm he adcquatclv covered in area and dvpth 
by a Single plane implant m other words as 
there will he no diflicultv in treating a suffi 
cient area it has been decided that 1 cm of 
thickness will result m a sufficient depth of 
treatment As for dove 6 500 r in 6 5 davs 
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represents i reasonable decision (it is not 
suggested as an invariable standard) Last the 
area to be treated must be decided and that is 
partly determined by the needles to be used 
At this stage one has a general idea of the 
implant as an outline of radium well wide of 
the lesion with a number of needles crossing 
the area at about I cm spacing Tbc tumor 
being of 3 cm diameter a simple way of 
treating it will be to build round it a square 
implant of 5 cm side, using needles of 4 5 cm 
active length (the total length of these needles 
IS 6 cm ) In this way we finally arrive at the 
area to be treated 25 sq cm 
Turning now to the dosage tables we find 
that at 0 5 cm from a plane of 25 xq cm 
I 000 r rs delivered by 429 mgh This is the 
only use we make of the tables \Vc proceed 
as follows 

1 000 r given by 429 mgh 
6 500 r given by 2 790 mgh 
65 days^l56 hours 2790-156*17 8 mg 
\Vc now have to sec how closely this figure 
of 17 8 mg can be approached m building up 
ouf implant wjih the needles available The 
implant cannot exist unid it is outlmed there 
fore the first step is to specify the bounding 
needles four 3 mg needles arranged in a 
square of side 5 cm The boundary has used 
up l2 mg leaving about 6 mg to be dis 
tributcd over the area Four 1 5 mg needks 
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F 9 21 2 Rod ographs of imploof ai performed Antoropojtefior and lateral 
V ewj are required for the tneoivreme t of oreo The ring if a magnfcaton 
gouge 
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will supply the right amount and as they have 
the same dimensions as the 3 mg needles they 
will divide the area into five strips 1 cm wide 
as shown at Figure 21 1 The spacing is satis 
factory while the distribution rule for in 
implant of this size requires two thirds of the 
radium round the boundary and one third dis 
tributed over the area which is exactly what 
we have 

The preliminary work is now complete and 
with Figure 21 1 in mind the implant is per 
formed A steii\izt.d metal ruler is used to 
check measurements but in the performance 
it is of course quite essential to concentrate 
on the tumor under one s hand and not on a 
diagram on paper 

As finally performed and as illustrated by 
the radiograph Figure 21 2 there has been 
one last consideration based on anatomy Tlic 
implant is partly on the mandible and partly 
on the neck In order to follow the contour of 
the skin surface more easily the posterior 
needle of the original diagram has been re 
placed by two shorter ones They have an 
active length of 2 cm and therefore contain 
1 33 mg of radium 

When the imphnt is completed its measure 
ments arc checked and these measurements 
allow one to arrive at a provisional time 
The next step is always to discover by means 
of radiography the dimensions of the implant 
as actually performed Figure 21 2 shows the 
usual pair of perpendicular views the metal 
ring serving as a magnification gauge From a 
study of the films the physicist arrives at the 
area of the implant and hence the corrected 
time to deliver the dose that has been spcci 
fied by the therapist At the same time any 
physical defects are noted and any necessary 
remedy of them is discussed In the example 
which shows a good standard of performance 
the area was assessed at 27 sq cm and 17 6 
mg of radium were used A fresh calculation 
exactly m the manner shown on page 357 
resulted in i corrected time of 171 hours for 
a dose of 6 500 r at 0 5 cm 

Assessment of Dose 
Tissue m contact with a radium needle 
necessarily receives dosage at a high and un 
ascertainable rate Moreover presumably be 
cause of fhi. small volume of tissue concerned 
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there is no cUnical evidence of this localized 
high dose It becomes necessary therefore 
to adopt a method of stating dose that can be 
related to visible effects In practice it has 
been found that if doses are calculated at 0 5 
cm from an implanted plane of radium the 
effects are comparable with the same dose 
delivered by a superficial applicator This is 
the usual method of stating implant dosage 
and no single plane implant is expected within 
the ordinary meaning of tissue tolerance to 
treat a greater thickness of tissue than 0 5 cm 
on each side of itself Some exceptions will 
be noticed later 

Although the efficacy of radium treatment 
lies m Its action at a distance it is always 
necessary to remember how rapidly this action 
1 $ diminished by distance the idea that dom 
mates the planning of all brachyradium treat 
ments For this purpose the implications of 
Figure 21 3 must be fixed m the mmd It shows 
the rate at which dosage from a small plane 
of radium falls as a consequence of increasing 



Stg 21 3 The rap d rola cf fall of dote from a plane 
of radium of 20 tq cm The dose at 0 5 cm from the 
plane It loVen ai 100 per cent 
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distance only Absorption is ignored, as it 
usually IS m radium therapj 

Doses suggested in this chapter are gencrali 
zations only each case calls for its own dc 
cision 

Effect of Needle Loading 
Because implants result in continuous treat 
ment the strength of the available sources has 
important consequences Conversely if radon 
or isotope sources are to be made up for 
individual cases there is an optimum activity 
that may be prescribed The argument runs 
as follows to insure homogeneous irradiation 
a certain spacing between needles must not be 
exceeded therefore a certain minimum num 
ber of needles at least must be implanted 
therefore depending on the strength of the 
needles there is a minimum total of radium 
possible m a given case The total amount of 
radium determines the dose rate and the dose 
rate determines the time at which tumor lethal 
dose is reached 

For example an implant using the minimum 
number of needles might give 7 000 r in 7 
da)s but if needles twice as strong were atone 
available the same figure of 7 000 r would 
now be reached in 3 5 days which is certainly 
a dilTerent and excessive dose 
It IS clear therefore that the key to an 
implant is its dose rate and that this if high 
may require a departure from the traditional 
over all time of 6 to 10 days 

British Standard Loading 
Linear loading rates of 0 66 rag and 0 33 
mg per cm of active length have been used 
for many years and since 1948 have been 
standardized for needles issued by the Ministry 
of Health for the National Health Service 
These needles have been found convenient for 
implant work at a dose rate of about 1 000 r 
per day when used according to the Paterson 
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Parker rules A summary of the most useful 
sizes is given in Table 21 2 They have been 
assumed in the previous example 

Applications of Implants 

In all cases where any implant is proposed 
examination of the patient must include a 
careful scrutiny to make sure that an ample 
margin (about 1 cm ) of healthy tissue is 
available all around the tumor to receive the 
peripheral needles of the implant and open 
ended implants must pass beyond the tumor 
even more generously 

Selection of the appropriate implant de 
pends chiefly on the shape of the tumor or 
the form of the implant that will best fit round 
It with the peripheral needles m unmvaded 



Fig 21 4 Netdie implant after rodieol motteetomy 
Th* axilla hoi olio been implanted 


TABLE 2t 2 — Iable of Comuckily Used Radium Needles 


Total m-’ at 0 66 mg per cm 
Total mg at 0 33 mg per cm 
Active length cm 
Total length cm 
Screen mm of Pt 


3 2 13* 

15 1 0 66 * 

45 3 2 

58 42 35 

0 65 0 6 U 6 


needlr? except those marked with nn n 
rxellea In four pain are represented 


05 

1 5 

2 5 

06 


terl k wl fell 
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f g 219 5 ngl»-pla • iiMdl* Implonii In > d* et longw* 


^l\^ue It li necc^\3r\ to be dear beforehand 
v.Uat i\ intended and tcv execute Ihc dcMgn « 
closdv at posMble There are two reatoni for 
the tirict obvrrtjnec of geometr) first ruks 
appH In the conditions spccilied and second 
intellic'Nc radiographs art required for a 
final calciibiion of dose rate The arithmetic 
of ether tspes of implant follows the same 


arguments as the csimplc just giscn and they 
ate sttnilarls proMded for tn the tables of the 
dosaitc ssstem 

SINGIE PLANE IMPLANT 
Smcle plane implants are alwa)S possible 
for the mans small skin cancers more usual]) 
treated for con'cnience bv x rass in ortc or 
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a few applications As the area to be treated 
increases however the argument in favor of 
implant becomes stronger for now the altcma 
tive IS a fractionated course of x ray treat 
ments and m any case, the risks of high 
dosage are less For instance very large 
single plane implants illustrated in Figure 
21 4 arc commonly used for recurrent car 
cinoma after radical amputation of the breast 
giving a dose of 5,500 r in 6 days over an 
area of some 300 sq cm and these implants 
are well tolerated 
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not invade deeply A single plane implant 
through the base of such a growth is adequate 
treatment although the external bulk of it will 
receive only a negligible dose 

Dose 

At a rate of 1 000 r per day a plane implant 
in the skin or mouth 15 sq cm m area will 
tolerate 6 000 r easily although an acute 
reaction will be produced At the same rate 
and area 7 000 r could be tolerated and 
4 500 r would not result in manj cures The 



In the mouth probably more than half the 
occurring cancers are suitable for Ibis method 
These are ulcers on the buccal surfaces and 
the dorsum and sides of the tongue The tvpi 
cal side of tongue implant is usually earned 
out in needles of active length 3 cm (con 
taming therefore 2 or 1 mg ) implanted 
vertically in the manner of Figure 21 5 
The lip IS another suitable site particularly 
if the length of lip involved or wide inhltra 
tion renders the tumor less suitable for mold 
treatment 

There is a type of exuberant skin cancer 
that forms a large projecting tumor but does 


smaller the area treated the more safely may 
a high dose be given 

TWO PLANE IMPLANT 

A two plane implant treats a slab of tissue 
more than 1 cm thick It should not be used 
beyond a thickness of 2 5 cm le two planar 
implants not more than 2 5 cm apart them 
selves being clear of the limits of the tumor 
include the whole lesion between them 
These conditions limit the field of this pat 
tern of implant to a few typical sites side of 
tongue fauces anus and vulva 

In the tongue with its free margin it w 
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impossible for the lateral plane to be clear of 
tumor at any rate the needles should be as 
superficial as possible and on occasion when 
the tumorous edge of the tongue is too friable 
to hold needles they can be held m a thm 
sheet of sponge rubber stitched to the floor of 
the mouth and the cheek 
In designing small two plane implants for 
the tongue it will be found that the necessary 
amount of radium is contained in too few 
needles of usual strenj^th to allow of a reason 
ably sufficient number of sources to obey 
distribution rules Such cases (and also the 
smallest volume implants) are occasions when 
radon or isotope sources of precalculated ac 
tivity would have advantages 
Implants of the anus and vulva often call 
for the use of needles having an active length 
of 4 5 cm (i c , 3 and 1 5 mg ) An example is 
shown m Figure 216 The needles arc inserted 
with the patient in the lithotomy position and 
some care is required to male allowance for 
the effect of restoring the parts to the normal 
position 

The preservation of function is the great 
advantage to be expected from the anal im 
plant Contrary to the usual expectation a 
preliminary colostomy is not necessary if the 
bowel IS first cleared and then constipated bv 
opiates and a nonrcstduc diet the six days 
required for the treatment can nearly always 
be secured without a motion and m any case 
failure m this respect is not disastrous 

Dose 

The allowable separation between the planes 
is not great even with a separation of 2 cm 
the minimum dose between them drops to 
about 80 per cent of the dose received at 
points 0 5 cm from the inner aspect of each 
plane The dose received at this plane 0 5 
cm mside each ndium plane is used to cx 
press the dose administered bv the implant 
Tolerated doses run pnralkl with single plane 
dosage except that perineal tolcrmcc is noto 
riously bad and in this situation the lower 
ranges of dosage should not K exceeded with 
cut good reason 

VOLUME IMPLANT 

The implant is so v died because it is used 
when the tumor mnoi be sccrccated on one 
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plane or between two planes of treated tissue 
but occupies a volume of similar diameter m 
all directions In practice as the volume must 
be defined by needles it takes the form of a 
cylinder of circular or elliptical section with 
one or both ends closed bv crossing needles 
In the tongue the usual needles are again the 
1 mg needles of active length 3 cm 

Its field of usefulness is principally the 
tongue for those tumors that are not suitable 
for a single plane — the two plane type being 
a small intermediate group At the anus and 
vulva however it is less often to be preferred 
Secondary metastases to regional nodes par 
ticularly m the axilla can be treated and 
occasionally tumors of the breast itself An 
example in the tongue is shown in Figure 
21 7 

Dose 

In the tongue the common cylindrical jm 
plant has a mean dnmeter of about 3 5 cm 
but may well be larger In recognition of the 
greater volume of tissue subjected to it the 
dose IS seldom carried to the upper figures 
usual for single planes An average figure 
would be 6 500 r m 6 5 days 

RADON IMPLANTS 

It IS perfectly possible to replace radium by 
radon m all forms of radium work and by 
this means seeds needles or strong tubes can 
be prepared for special cases Although the 
irealment is necessarily given at a falling dose 
ntc (half life 3 8 days) no cfTccts dilTcrcnt 
from those of a radium implant arc detectable 
clinically when similar doses are given m the 
same over all time This seems to be true also 
of permanent radon implants in which 77 per 
cent of the dose is dtlivcrcd within the first 
eight davs 

The use of radon m seeds however is a 
separate contribution to therapeutics for three 
reasons they arc small and therefore can be 
applied to highlv curved or inaccessible sur 
faces they dcca\ to inactivity and arc of small 
intrinsic value and therefore may be left 
m sttu and he used for outpatients 

The seed consists of a metal capilhn, about 
4 mm long with a wall thickness of 0 5 mm 
of gold or the equivalent m other noncorroJ 
mg metal Thev may be had in threaded 
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Fig 21 7 Volume needle implanU of tongue 


sheaths but of course are not threaded if t 
permanent implant is intended At the time 
of implant they should contain 0 7 to I me 
and must be measured individually 

Gold Radon Seed Implants 

In the past many attempts have been made 
to exploit the use of radon seeds by endoscopic 
methods for example in carcinoma of the 


esophagus but accurate work is impossible 
and probably this approach has been aban 
doned almost entirely 
The regions where small sources are ad 
vantageous are the inner canthus of the cyv 
the fauces the soft palate and the muco- 
penosteum of the gums and hard palate — for 
some small cancers in these regions there is 
no good substitute for a seed implant Exam 
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Fig 21 10 Geld radon «««<(* in tH« Mft pplote and fpgces 


thickness of tissue than 1 cm The tumor is 
exposed by suprapubic cjstotomy and all 
exuberant tissue removed by eicctrocoagula 
tion until a clear view of the tumor base and 
a measurement of its area are obtained Hiis 
area with a margin of about 1 cm all round 
IS then implanted according to the usual rules 
and the bladder is closed An rndwelhog 
catheter is left m place for 5 days The usual 


radiographs art required for dose assessment 
(Figure 21 12) A number of authors nave 
published details of this form of treatmew 
[2 3 11] 

Dosage with Radon Seeds 

Even when implanting with radon m 
movable needles it is necessary to be accurate 
in the amount used because the falling 
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IVIethods of Appljmg Radium in Cancer Tlierapj 
calculated to deliver at least the desired tumor 
dose at this distance In practice it is found 
that a dose of 8 000 r m about 10 da)s may 
be taken at 2 cm from a tube m the maxillary 
sinus although that is probably an upper limit 
of dosage and is not called for m most cases 
Spherical irradiation from a single source 
may be inappropriate m shape and just as in 
the case of the uterine cervix better cover 
may result from two or more central foci 
The intracavitary technic may thus be de 
v eloped into central high dose planar implants 
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at saj.OScm off the surface of the applicator 
IS the one to be regarded as a true tissue dose 
rather than the surface dose itself 

RADIUM MOLDS 

The manufacture of radium molds is labo 
nous and perhaps not always ver> successful 
without trained assistance and for this reason 
superficial radium therapy is not used to the 
extent its possibilities justify None the less 
molds arc an important contnbution to the 
full range of method and for some sites may 



Fig 21 12 Redon s«ed implenl of the trgene of the ur nery bladder 


They have not been found a good substitute 
for orthodox implants but have occasional 
applications In the nose and ethmoid sinuses 
for example a dose of 6 000 r in the usual 
time at 1 cm from a plane implant of suit 
able strength is well tolerated and results in 
the effective treatment of a slab of tissue 2 cm 
thick 

In general intracavitarj methods are used 
for the lack of a more inclusive plan of 
attack from without inward Excessive doses 
are bound to be taken and even if the radium 
IS contained within an inert applicator the dose 


well be considered indispensable It is also true 
that once the equipment is established plent) 
of good if not absolutely necessary mdica 
lions are found for its use 

The chief merits of molds are probabU (1) 
the absence of local high dose areas or in 
some double molds an approach to homo 
geneous dosage (2) the deliberation with 
which each treatment is designed and (3) the 
precision with which the desired dose is ad 
ministered both m amount and position 
Great variety is possible in the construction 
of molds but always wnh the same essentials 





f >9 21 13 A common intrcKovihiry metfiod a 25 n>9 
radium lub« pto(«d in tbo middio of o tumor fitted ontrum 


in View Except when fixed to the skm ad 
hcsivcly for continuous application a mold 
must he removable with case and replaceable 
with certainty it must be so closclv adapted 
to the part treated that relative movement js 
if not impossible at least avoidable by simple 
supervision it must be comfortable enough to 


be worn without resentment for hours on end 
After these requirements of fit and fixture 
comes the radium bearing area itself PrO" 
vision must be made for holding the radium 
at a definite measured distance from the sur 
face to be treated and the radium tubes must 
be held secure!) in predetermined distribution 
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An equipment of matenah is required foe 
taking impressions for making models and 
for making the mold as it is to be worn New 
materials various forms of methyl metha 
crylatc and cellulose acetate and polyvinyl 
chloride as described by Runnings have been 
added to those described bj Paterson and 
MacVicar and Melville, but the various stages 
of mold making remain unchanged The mam 
point is that the materials should be easy to 
cut shape and fix together stable at bodj 
temperature and impervious to saliva and 
discharge if exposed to them It is sometimes 
recommended particularly in intraoral molds 
that lead be incorporated to screen the radium 
in unwanted duections In fact to be of value 
the lead must be impracticably thick and the 
best protection is distance provided by de 
signing the mold to prevent the near approach 
to the radium of everything but the surface to 
be treated (See Volume III Chapter 26 ) 

A necessary part of the equipment is ot 
course a suiTicicnc) of radium sources m 
convenient units the usual difficulty being 
lack of sufficient strong tubes for the larger 
molds and of small tubes to fit the highly 
curved molds intended to be worn m the 
mouth To illustrate the amounts required 
Table 21 3 shows the milligrams required for 
a selection of areas and treating distances An 
idea of the depth dose properties of small 
single molds may be gathered from Table 
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21 4 which shows a fall m dose to 50 per cent 
in about the first centimeter below the surface 

Applications of Molds 

Molds may be constructed to treat nearly 
any superficial cancer, but there are some 
special applications for which there is no good 
substitute and which should be within the 
scope of every radiotherapeuiic center Thi.se 
are all m sites of poor radiation tolerance and 
will be briefly illustrated There is one contra 
indication even among superficial tumors and 
that IS ulceration in a recessive angle such as 
occurs at the junction of nostril and cheek 
and ear and scalp A mold convex to the point 
of angularity cannot be trusted to treat a suf 
ficient depth but convex surfaces treated 
therefore by a concave mold are favorable m 
this respect 

Perhaps the commonest indication for a 
mold is cancer affecting the limbs and es 
pccially the hands and feet In the same cate 
gory come molds for areas so large that 
treatment b) other methods would impose 
serious limitations of dose but where a limited 
depth dose can be accepted Such areas of 
ulceration occur on the scalp and trunk but 
the most frequent example is the treatment of 
skm nodules after a radical mastectomy thil 
has left little but skm covering the ribs For 
this purpose the radium m needles is dis 
tnbuied on a mold 1 5 cm thick buiU up of 


TABLE 21 3— The amount of Radium in Milligrams Required on Molds 
TO Deliver 6 500 r in IOO Hours for Various Areas 
AND Treating Distances 


Distance 


^ cm I cm 2 cm 3 cm 

to cm' 18 33 72 ^12^ 

20 cm 29 50 93 15-> 

•to cm 46 75 132 199 


TABLE 2M— pERCENTAor Drnii Doses from a Mold 
20cm at X ARIOLS TfEATISG DISTANCES 

Distance 

0-^ I cm cm 2 


Depth 

**urfacc 
0 5 cm 


100 

S5 

40 


100 

72 

54 


too 

75 

vg 


100 

77 

61 




fig 2l 1& A tumot ef tli« hMd by rod um motd 






^0 21 1? A baiat<*ll cart noma of Ibo Kolp b« ng 
lrtot«d by rad um mold 
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F g 21 20 Meld treatment after radical moitectemy 


sheet? of felt of which one surface is ad 
hesive and whose lower la)cr is stuck to the 
chest wall Felt of this kind is regularly used 
m orthopedics Some examples of these molds 
are shown m Figures 21 14 to 21 20 



fig 21 21 Double mold to treot the floor of mouth 


Clinical Application of Radium 
In other sites where depth dose is im 
portant, doub'c molds arc (ised consisting of 
two opposed molds including the tissue to be 
ireitcd between them Ulceration encroaching 
on the anterior half of the mandible is a 
strong indication for a mold of this type iht 
cancer usually taking origin on the check or 
floor of the mouth Tissue masses up to 3 5 
cm thick arc usefully treatable by th s method 
The inner mold made of dental tray com 
pound treats at 0 5 cm from the mucosal 
surface and is otherwise made as bulky as the 
mouth will permit in order to keep everything 
except the ircitcd surface as far from thi. 
radium as possible The contribution of the 
outer mold at 2 cm from the skin is intended 
to improve the depth dose of the inner one 
The arrangement is illustrated in Figure 21 21 
Another part of notorious!) poor tolerance 
IS the penis It may be treated with safety by 
means of a cylindrical mold consisting of an 
arrangement of rings of radium concentric 
with and at a determined distance from an 
inner cylinder containing the penis One de 
sign IS illustrated m Figure 21 22 and consists 
of an inner cylinder to hold the penis oser 



wilh a rodiegroph lo »how the d iposition of ih* rodiu"’ 
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which is to be placed the coaxial outer cylinder I 

loaded with radium The length of the active | 

r 

cylinder is commonly 8 cm and the diameter 


of the radium rings 4 cm more than the inner 


cjlinder The minimum axial dose is then 90 
per cent of the dose on the inner cylinder 
which may be 6 000 r in 8 days To avoid 

L c 

l: , j. 


Fig 21 22 Cylindrical meld far the p«nit The larger 
cyl nder carry ng the radium will be placed ever Ih 
imeller one already in pat tien 

an uncomfortably long uearing time per day 
relatively large amounts of radium are re 
quircd in the conditions ]ust given a daily 
application of about 12 hours is required with 
a total rndium loading of about 160 mg 
There are other sites where molds arc fre 
quently employed if perhaps less essentially 
The double mold for the lower lip Figure 


Fig 21 24 Double mold for the auricle 

21 23 is the commonest example m this cate 
gory Lips can be treated m other ways but 
there is statistical evidence slightly m favor of 
molds — ^78 per cent five year crude survival 
rate compared with 70 per cent for the x ray 
treatment of similar cases 
As a last example of a site preferentially 
treated b> a mold Figure 21 24 shows a 
double mold for carcinoma of the auricle By 
this means the incidence of late cartilage 
necrosis is almost entirely avoided 

Mold Dosage 

The important distinction between implants 
and molds m the implications of the stated 


■h 
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dose has already been mentioned It is for this 
reason that doses of 5 500 r m 8 days may be 
given to fingers, and for the same reason areas 
of good tolerance, such as the buccal mucosa, 
may be given surface doses up to 8 000 r 
when depth effect is desired There is there 
fore a range of dosage between these figures 
depending on site area importance of depth 
effect and m the case of double molds the 
separation of the radium planes 

Measurement of Dose 

The dose rate of molds is usually the rale 
calculated according to the Paterson Parker 
tables but the method lends itself to direct 
measurement with ionization chambers and 
obviously this refinement should be practiced 
whenever possible 

Rodon Molds 

Where seeds are available a very convenient 
application for them is m outpatient molds 
For any small skin tumors these may replace 
single X ray treatments with better cosmetic 
effects and of course can be applied to the 
skin m those sites of poor tolerance 
The adhesive orthopedic felt already men 
tioned IS used m one or more thicknesses of 
0 5 cm and a measured area on its upper 
surface is appropriately loaded with seeds to 
deliver the desired dose in seven to eight days 
continuous application The seeds are held in 
place under a cover of adhesive tape Project 
mg tumors are accommodated m a cavity built 
up With felt rings The adhesion of the mold 
IS reinforced by an over all covering of 
elastic adhesive tape 

Contact Molds 

In the case of a needle or seed implant cal 
culations are made on the basis of an intended 
dose at 0 5 cm from the implant In the case 
of a continuous mold at 0 5 cm from the skin 
exactly the same radium is used but removed 
from the skin by 0 5 cm with consequently 
much less effective treatment of the first sub 
cutaneous centimeter In theory it mikes no 
difference to epidermal tolerance whether the 
radium is below the surface or above it and 
therefore one is at liberty to use radium as 
if for an implant either on the surface or at a 
distance smaller than 0 5 cm above it In 
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practice It has been found safer not to have 
the sources quite in contact with the skin 
This possibility and the use of gold seeds are 
sometimes of advantage where for some 
reason, it is desired to avoid an implant, or 
where even a gold seed implant might be diffi 
cult For example a small carcinoma m the 
hollow of the car may be treated with a con 
tact mold made in the following way a 
suitable mass of softened impression com 
pound IS pressed onto the tumor and molded 
to the anatomic detail of the pinna It is 
allowed to harden and when removed m 
area surrounding the tumor is outlined and 
measured The area on the mold is now' im 
planted with gold seeds using heat to sink 
them just flush with the surface The mold 
positions Itself with exactitude and needs only 
a light adhesive binding to keep it pressed 
home Implant loading lot continuous applies 
lion, is usually employed, but intermittent 
application can obviously be allowed for loo 

A Note on Dose Time Relationship 

Throughout this chapter every statement of 
dose is accompanied by a time m which it Js 
to be administered but m radium work this 
relationship is much disregarded although the 
dependence of effect on the over all period of 
an X ray treatment is of necessity always 
recognized 

Implants must run their course at the Ml® 
of dosage computed as a rule from radio- 
graphic measurement of the implant as per 
formed Suppose in a given case a dose of 
6 000 r m 7 days was intended but by meas 
urement it is determined that 6 000 r is given 
only after 8 days this dose has presumably 
a less effect Similarly if the intended dose 
rite is exceeded say 6 000 r m 5 days the 
dose has a greater effect 

In order to achieve consistently the same 
effect from implants of varying dose rate there 
must exist some relationship between h‘Sh 
rate implants of short duration and low rate 
implants of long duration Thus m the et 
amples just given the equivalent of 6 000 r 
m 7 days might be taken at the lower rate 
as 7 000 r m 9 3 days and at the higher rate 
as 3 500 r m 2 9 days . 

The figures given are merely arithmet*®® 
examples and unfortunately there seems to 
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Fig 21 25 Dole role Time curve to give dose equivalent to 7 000 r m 7 
days for other treatment times For prescribed dose of ft roentgens In 7 days 
ond implont dose role of x r/br read required treatment time from curve 
7000 

opoosite — ^ X T/ht 


be no wiy of arriving at equivalent doses 
better than observation of many actual cases 
treated m varying conditions A review of this 
kind referring to x ray therap) has been 
published by Strandquist and Ahlbom The 
early experimental observations of hfacWhir 
ter and Ham on the disappearance dose for 
rodent ulcer under gamma ray treatment are 
highly relevant The curve shown m Figure 
2l 25 IS one based on clinical data by Kfr 
S K Stephenson of the physics department 
of the Christie Hospital and Holt Rndium 
Institute and shovss the connection between 
dose rate and time to produce the effect of 
7 000 r m 7 days It must be repeated that 
this curve is cntirclj empiric and open to 
correction 

So long as the cfTcct desired is that of 
7 000 r m 7 days the use of this curve js 
obvious the treatment time is read directly 
after the dose rate has been computed or 
dmarily bj radiographic measurements Two 
doses therefore arc recorded an actual dove 
of total roentgens m total time and an 
equivalent dose 7 000 r m 7 days in this case 
The curve is however also of avail when 
other doses arc required once the habit has 
been formed of thinking of dose in rocnlgens 
within a fixed period for onlv by doing so 
can one be certain of cradualinc dosage ac 
cordinc to ones intentions 


Suppose a dose equivalent to R roentgens 
in 7 days is desired from an implant whose 
dose rate is found to be A' r per hour it is 
required to find the time T for this implant 
to give the desired effect In Figure 21 26 the 
curve represents the standard iso elTcct graph 
for 7 000 r in 7 days X js the dose rate found 
for the implant and 7 js the unknown time 
for this implant to give the efTect of R 
roentgens in 7 days The argument then 
runs — 

At Af r per hour TX roentgens in T hours 



Slanda d ito-«ff«ci g oph lor 7 03D r In 
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are equivalent to R roentgens m 7 days 
But at y r per hour TY roentgens in T 
hours are equivalent to 7 000 r m 7 days 
Assuming that the ratio of the equivalent 
7 day doses is the same as the ratio of the 
actual doses m another fixed time, T, we can 
write 

TX_ R 
ry“ 7,000 


As X and R are known Y is found and 
applied to the standard curve to arrive at T 


Ciinical Application of Radium 
The actual dose will be TY roentgens in T 
hours equivalent to R roentgens m 7 days 
It should now be clear that the method has 
two intentions to allow treatments at different 
dose ntes to produce the same effect, and to 
allow control over graduated dosage at what 
ever rale it may be given The ordinary appli 
cation has been described but other uses can 
be made of the iso effect curve of Figure 
21 25, for example the assessment of total 
dosage accruing from separate parts of a 
complicated treatment and conversion to other 
equivalents than 7 day doses but these are 
beyond the scope of this chapter 



CHAPTER 22 


The Clinical Application of the Radium 
Element Pack 


Consfance A P Wood 


The form of therapy known m America as 
treatment b) the radium element pack or 
bomb has various names in other parts of the 
world Thus in Great Britain it is known as 
radium beam therapy or teleradium treatment 
In Sweden it is called treatment by radium 
cannon while in France it is known as 
telecunetherapic and in Germany as Radttnn 
fernbestraUing 

In this form of therapy the radium is placed 
at some distance from the patient hence the 
term re/eradium treatment This form of 
therapy was developed chiefly during the 
third decade of the present century The 
radium commonly 3 to 10 Gm is housed in 
a massive lead container with an aperture or 
window that restricts the rays emitted by the 
radium to a narrow beam which can be 
directed at a tumor m the same way as a beam 
of X rays 

APPARATUS 

The radium element pack used by the author 
IS described below It was designed in the 
Radiothcrapcutic Research Unit of the Mcdi 
cat Research Council of Great Britain A gen 
oral View of the apparatus is shown in Figure 
22 1 and a sectional drawing of the treatment 
end IS illustrated m Figure 22 2 The radium 
source* consists of 10 Gm of radium sulphate 

In rcc**"! >eTr slneo mJloactl'c cot nit bos l>e 
r mo nNillnWo col ill h iij In nililltl n to tt^ ti^ in 
the itircer tel (.urle units Ic ii wllol> u el to re 
iHce rnllum In mnn> units of the t>i>e de crl!e| 
abo\e QunntUlos of cr bill 111 to 000 oirlcs c-in be 
u el as th< nllojcll\e sourct In thosi units and 
the n 1 Ilci nil I r let tt n then r lulrc t Is obtitned 
> y It u *• cf urnnlutn Inst nil of tunc ten alloy as 
»t i Idlncmal rlnt cot all * urce of to 000 curies 
nnll the f k »1 skin 11 tniice to be Increased 
from 8 S cm to 0 or cm ro cons)(JrrjW> Im 

I r vinj: tl e <1 I Ih <1 (l 1 ip 8 ) 


contained m fifty 200 mg monel metal lubes 
packed tightly inside a steel bobbin as shown 
m Figure 22 2 [6] An important considera 
tion in the design was the provision of in 
creased protection for both patients and staff 
A novel feature of the unit was the 
pneumatic transference of the radium bobbin 
along a flexible metal pipe connecting the 
storage safe and the treatment end of the 
unit When the radium is m the storage safe 
the radiation intensity throughout the treat 
ment room is below' the accepted maximum 
permissible value the operator can enter the 
room with safety and set the patient m the 
correct position for treatment After fixing the 
patient m position the operator can then with 
draw lo the observation room and move the 
radium bobbin into the treatment position bv 
remote control A clock previously set to the 
required treatment time starts running as soon 
as the radium arrives in position in the unit 
The clock reaches zero when the requisite 
treatment time is completed and the radium 
IS automatically blown back into the safe 
The use of tungsten alloy as protective 
material made a compact design possible The 
absorption of gamma radiation by metals is 
directly proportional to their density Lead 
with a density of 11 3 Gm/cc has been the 
metal usually employed m making these units 
Gold and platinum have occasionally been 
employed lo make the nose piece of a Icle 
radium unit but these metals arc loo costly to 
be used m the construction of the unit itself 
Tungsten is the only other reasonably cheap 
metal that has a density comparable to that of 
gold Tungsten however only attains this high 
densitv when it has been sintered at about 
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3000°C and no means were available for heat 
mg masses of more than 100 lb to such a high 
temperature Experimentation led to the pro 
duction and use of a nickel alloy of tungsten 
The density of this alloy is 16 5 Gm/cc 
which offers better protection than lead In 


Clinical Application of Radium 
and fitted to the head of the unit arc used in 
treatment 

The radium-skin distance is 8 3 cm and 
the filtration is equivalent to 1 5 mm Pt The 
measured isodosc curves for the 5 cm circular 
ipplicalor arc shown in Figure 22 3 



f g 22 1 Ccncrgl view of 10 Cm rod gm beom unit Thi» »how* the 
flex ble metal p pe through wKkK the radium bobb n It troniferred by 
pnoumof e preiture behveen the storage tafe ond the head of the radium 
unt A treatment caliper is shown ollached to the head of the unit 


addition further protection is afforded for 
the patient by the provision of a rotatable 
eccentric shield (Figure 22 2) which can be 
turned into the position giving the maximum 
protection during treatment 
The suspension mechanism illows a vertical 
movement and rotation about a vertical and 
a horizontal axis Three interchangeable ap 
plicators— a 5-cm circle an 8 cm circle and 
a6 X 8-cm rectangle— made of tungsten alloy 


Protection 

The unit is provided with stops limiting 1 ® 
angle through which it can be turned These 
stops insure that the primary beam is alwa)* 
directed toward two outside walls and prevuo 
Its ever being pointed toward adjacent oc 
cupied rooms (Figure 22 4) The obscrvati^ 
room is separated from the treatment room / 
a 14 inch brick wall that reduces to a sate 
value any stray radiation from the unit o 
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Fig 22 2 Cron xction of hood of rodium boom unit 


! 
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F g 22-3 liodese curvet of 10 Gm radium beam on t 
w fh 5-<m diameter oppi color 


any scattered radiation from patient or couch 
A system of mirrors permits the operator to 
view the patient under treatment from the 
observation room The dose rate has been 
found to be constant and the total dose re 
ceived by a typical radiographer over a period 
of twelve months ^\orklns eight hours a day 
five days a v-eek with this unit and an adjacent 
200 kv X ray set was found to be only 6 r 
which vias less than the accepted maximum 
permissible value this included the natunl 
leak of the ionization chambers which would 
account for about 1 r per year fhe dose 
received during the same period by the 
radiotherapist who checked the settings of each 
patient was 3 r per jear The complete safety 
for the personnel using this unit is manifest 
The mean integral dose received by a group 
of approximately 200 patients undergoing 
radium beam treatment to the head and neck 
Was found to be 10 7 megagram roentgens • 
which IS considerablj below the maximum 

Th« total enprgy absorbed In thp patient s body 
during the treatment nas measure 1 by means of 
a. lit* \te model of the human tiod> consisting of a 
large nutnl r of parallel plate Ionization chambers 
each forming a section through the bodj [fj 
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integral dose which most patients can folcntc 
It may be stated therefore, that the con 
stitutional effect of the radiation is rarely the 
limiting factor in radium beam treatment 
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TREATMENT 

The tcchmc of treatment dc cribcd below 
IS (hat initiated at the Medical Research 
Council Radiothcrapcutic Research Unit Lon 
don 

Beam Direction 

The rapidly falling depth dose and the 
small size of the fields used in tclcrndium treat 
ment make accurate directioning of the beam 
cxtremclj important A treatment caliper 
(Hgurc 22 5) is attached to the head of the 
unit It consists of tuo rigid arms — a vertical 
and a horizontal On the horizontal arm there 
IS n movable arm and back pointer arranged 
so that the end of the pointer travels along 
the ccniral atis of the radiation beam which 
IS represented by i narrow pencil of light 
from a lamp and lens carried on the movable 
pointer Each field of treatment and the point 
of exit of the central ray of the beam for each 


RIGID FRAMEWORK OF STEEL TUBES SLIDING CARRIAGE 



LIGHT BEAM STRIKING / \ MOVARI E ARM 

EMERGENT RAY POINT 


Fig 23 5 Trtotmanl coFpar ottsched t« h«ad of radium b«am unit 
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Fig SS'A Mtlhod of itab liting poti«flf in pot iion 
mg Irtolmont 


field (i e , the emergent ray point) is marked 
on the patient s skin This emergent ra) point 
IS then defined b\ relating it to some boo) 
anatomic landmark The emergent ra) point is 
defined in this way for each fiHd to be treated 
so that the direction of the beam can be re 
peated precisely at each treatment The patient 
IS set up in position for treatment b) bringing 
the field marked on his skin into contact with 
the corresponding mark on the applicator 
of the unit and then adjusting the angle of 
the radiation beam until the light spot on the 
patient from the movable pointer has been 
brought into coincidence with the emergent 
ra) point marked on the patient Thus each 
successive treatment can be repeated with 
precision and the error in directing the beam 
b) e)c IS eliminated 

If the direction of the beam is to remain 
constant it is essential that the patient docs 
not move throughout the course of treatment 
Hence the simple stabilizing device (Figure 
22 6) consisting of a number of padded 
clamps on universal joints was utilized 



ILLUMUIMED HP Of CftUPEft ARM \ 

brou sht into' c ont act with 

POINT AT WHICH DOSE IS REQUIRED 
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Measurement of Tumor Dose 
The tumor dose is measured by means of 
the contour finder or m standard technics 
the dose is determined by using the measuring 
caliper Details of these instruments have been 
published [2, 3 4 6 7] and they arc illustrated 
in Figures 22 7 8 9 10 11 12 


Clinical Application of Radium 
treatment (with quantities of radium of the 
order of 10 Gm ) finds its greatest usefulness 
in the treatment of cancers of the mouth and 
throat 

The plan of treatment described below 
refers solely to patients with carcinoma of the 
mouth and throat 



Type of Case Suitable for Treatment 
The isodose cur\cs of the 10 Gm radium 
beam unit (Figure 22 3) show that there is 
a very rapid fall m depth dose at 10 cm the 
depth dose is 15 per cent The radium beam 
treatment therefore is suitable for relatively 
superficial neoplasms onlj that is those at a 
depth of not more than 5 cm from the sur 
face It is for this reason that radium beam 


General Plan of Treatment 

The elimination of sepsis from the region to 
be irradiated is of great importance and tunc 
IS saved by delaying radiation treatment unti 
sepsis has been cleared 

The treatment is planned to deliver a tumor 
icidal dose of radiation to the lymph nodj-S 
in the neck as well as to the primary growth 
The first step in therapy is to decide cx 
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actly the region to be treated This is done 
by defining as far as possible the limits of the 
primary growth and its lymphatic spread In 
a patient with postcricoid carcinoma soft tis 
sue roentgenograms are helpful in defining the 
lower limit of the primary growth The parti 
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of the isodose distribution obtained are then 
made 

A dose of approximately 6 000 r is de 
Iivered to the tumor and regional nodes over 
a period of forty two days The tumor dose 
therefore is given at the rate of 1 000 r 


CIRCULAR SCALE 


HORIZONTAL SCALE 


SPARE ISODOSE CHARTS 
VERTICAL SCALE / 



POINT AT WHICH DOSE 


IS BEING DETERMINED 


ISODOSE CHART ENGRAVED 


ON ALUMINIUM PLATE 


F 19 22 9 Calculating table uied in the etlimalion of dotage from caliper measuremenit 


cular arrangement of fields \s then marked 
out on the patients skin planning wherever 
possible that the primary tumor is treated 
through regions bearing lymph nodes whether 
or not palpable lymph nodes are present Ihe 
arrangement of fields is then investigated 
physically using either the measuring caliper 
or the contour finder Any modifications in the 
planned arrangement of fields or direction of 
the beam found to be necessary m the light 


per week Both longer and shorter periods of 
treatment have been tried but this has been 
found the most satisfactory Patients receive 
one or sometimes two treatments per day 
The duration of each treatment is 22 5 minutes 
and the dose delivered on the skin m this time 
is 400 r The aim of 6 000 r tumor dose m 
forty two days is necessarily varied according 
to the condition of the patient and the reac 
tions obtained 
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Fig 22 }1 Cenerol v«w ef contour fndsr 
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In most cases it has been found possible to 
deliver the total dose of radiation to both 
primary tumor and regional nodes by radium 
beam There have been some cases howe'er 
\n which It was undesirable to give any further 
irradiation to the region bearing lymph nodes 
but m which some induration was still left 
at the site of the primary growth In such 
cases further treatment is given to the primary 
growth by other means (radium applicator 
needling or by diatherm) excision) The 
timing of the accessor} treatment is important 



«( 


Fig 22 12 Cempfeted dots coniourj inewn<«d in 
plaiUr coit of pal •nl Tlio tumor repretonted by block 
orto wot on lateral border of tongue 

and should be carried out as soon as possible 
after the radium beam treatment is completed 
to prevent anv involvement of l}mph nodes 
from viable cancer cells at the primar) site 
Certain standard arrangements of fields have 
become adopted for particular sites In m 
trmsic carcinoma of the lar)nx cervical metas 
tascs arc laic and rare and therefore treatment 
IS given to the primary growth onl) In eases 
where l}mph nodes arc palpable in a rccion 
not covered b) the standard arrangement of 
fields special fields are provided to treat such 
mctavtascs Inngures22 13 to 22 Ifithcsian 
dard arrangement of fields and the direction 
of the beam Ihrouch each field found suitable 


for treating vanous sites are shown Beneath 
this IS seen the isodose contours determined 
by the contour finder for such an arrangement 
of fields m a typical patient 

Typical reactions of the mucous mem 
branes and sk,in are recorded in graphic form 
in Figure 22 17, this graph also shows the 
rate of regression of tumor and metastases in 
regional nodes in a case responding favorably 
to the dosage shown in Figure 22 10 

The constitutional effect of the radiation is 
rarely a limiting factor Weekly blood counts 
taken throughout treatment on a series of 250 
patients showed a leukopenia due almost 
entirely to a diminution in lymphocytes Very 
rarely did the leukopenia interfere with treat 
ment Patients usually attend daily treatment 
as outpatients only those in poor genenl 
condition being hospitalized 

End Results 

The figures of Tables 22 1 to 22 4 represent 
an unselected group of cases of all degrees of 
advancement Palliation was the most that 
could be hoped for m many cases no patient 
being refused treatment on account of the 
advanced stage of the disease 

In each tab'e the first column shows the 
period under consideration and the second 
column (n) the number of patients alive at 
the beginning of this period The third and 
fourth columns (f> and c) show the number 
of patients passing out of observation during 
the period for the reasons given at the heads 
of these columns A patient who died of 
intcrcurrcnt disease halfway through the pe 
nod might have developed a recurrence of 
cancer in the second half of the period had 
he lived He was exposed to the risk of dying 
from cancer for only half the period In 
calculating the cancer mortality for that 
period the average number of patients cx 
posed to the risk of death from cancer (</) is 
therefore the total number entering the period 
minus half the total of Columns b and c The 
sixth column shows the number of cancer 
deaths recorded (c) and the cancer mortality 
e 

IS then lOOx— Thus in Tabic 22 2 the 
a 

cancer mortality m the first year is 26 per 
cent The percentage surviving the first year 
therefore is 74 per ccni the mortalitv in the 







LARYNX ARRANGEMENT OF FIELDS PHARYNX ARRANGEMENT OF FIELDS 
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second year is also 2G per cent so the per 
centage surviving the second year is 74 per 
cent of 74 per cent, i e , 54 per cent 

CARCINOMA OF FLOOR OF 
THE MOUTH 

Table 22 1 presents the end results of 49 
patients with carcinoma of the floor of the 
mouth Sixty seven per cent had lymph nodes 
palpable at the beginning of the treatment 
The five year survival figure is 33 per cent 
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CARCINOMA OF THE PHARYNX 
In Table 22-4 177 cases of carcinoma of 
the pharynx arc analyzed Of these patients 
71 per cent had lymph nodes palpable attb 
beginning of treatment The growth m many 
cases was too advanced for the site of on®m 
to be ascertained The average five year sur 
vival rate for this very advanced group of 
cases IS 14 per cent 
From studies made on the regression time 
of the tumor and the lymphatic metastases it 



CARCINOMA OF THE TONSIL 
In Table 22 2 76 cases of carcinoma of 
the tonsil are analyzed— 71 per cent had 
lymph nodes palpable at the beginning o£ 
treatment The five year survival figure is 37 
per cent 

CARCINOMA OF THE LARYNX 
In Table 22 3 48 cases of intrinsic carci 
noma of the larynx involving one or both true 
cords are analyzed The five year survival 
rate is 35 per cent 


was found that there were about as man) cases 
in which the metastases m l)mph no 
responded more rapidly than the tumor as 
there were cases in which the tumor responde 
more rapidly than the metastases It is con 
eluded that when comparable doses are given 
to each the metastases in cervical nodes o tr 
no greater resistance to radiation treatmen 
than does the primary growth 

An experimental companson between 
gamma rays and x rays m the treaimco 
of cancer of the mouth and throat was came 
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TABLE 2Z I Results of Radium Bwm Tkcrapy for Cvnccr or the Floor or TUr Moutji 
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23 

5 

22 

78 

45 

2-3 

17 

0 

0 

17 
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18 

82 
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TABLE 22 4-— Results or Radium Beam Tiierapv for Cancer or the PiuRyNX 
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out at the Radiothcrapeutic Research Unit 
from 1942 to 1945 The radiation beam 
from a 200 kv x ray set was so modified that 
the isodose curves matched as closely as 
possible those of the 10 Gm ridium beam A 
parallel senes of patients was then treated 
with the X ray and radium beam using the 
same technic of treatment In this way the 
effect of ^^avelength alone could be deter 
mined No significTni differences were ob 
served in the patients immediate responses to 
the two types of wavelength except m the 
reaction of the skin which was more severe 
m those patients treated with x rays It was 
found that the ratio of gamma ray dose to 
X ray dose for the same seventy of skin 
reaction was 1 34 There was no significant 
difference between the survival rales of the 
two senes of patients It is concluded there 
fore that the wavelength of the radiation per 
se within the limits of the experiment i e 200 
kv and 2 mev has no significant effect on the 
clinical results 

ASSESSMENT OF RADIUM BEAM 

therapy 

At the time when the radium beam unit was 
designed x ray therapy sets generally avail 
able operated at 200 kv No apparatus capable 
of producing 2 million volt x rays had yet 
been developed The quahty or penetrating 
power of the gamma rays of radium is cqui 
valent approximately to that of x rays gencr 
ated at 2 million volts During the past decade 
rapid advances have been made in the design 
and construction of supervoltage x ray ap 


paratus that can produce x rays at 2 million 
volts and over If the conclusions of the 
previous paragraph arc accepted namel) that 
the wavelength or energy of radiation per 
sc between 200 kv and 2 mev has no stgm/iwnt 
effect on the clinical results then the great 
advantage to be expected from the use of 
supervoltage x rays is the enormously Jtn 
proved dose distribution within the patient 
that can be obtained by this means Tins im 
proved depth dose greatly facilitates the 
treatment of deeply situated tumors The depth 
dose obtainable from a 10 Gm radium beam 

unit Figure 22 3 is lower than that obtained 
with a 200 kv x ray set owing to the short 
radium skin distance (8 3 cm ) necessary to 
obtain a high enough intensity for therapy 
With a 2 mev x ray apparatus a satisfactory 
intensity for therapy can be obtained at a foca 
skin distance of the order of 1 meter The 
depth dose obtained with such apparatus is 
therefore little affected by the inverse square 
law and is very much better than that obtaine 
by any existing radium beam units 

During the past few years the developm^D 
of nuclear reactors has made possible t e 
production of artificially produced radioactive 
substances that can be used as substitutes or 
the naturally occurring radium These su 
stitutes can be obtained much more cheap y 
than radium and m much larger quantities 
The most important of these substances at i- 
present time is radioactive cobalt Quaoti les 
of the order of 2 000 curies of cobalt are now 
being produced and used as the radioactive 
source in ttlecune units Such units are jus 
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the same m principle as the radium beam 
or tcleradium unit alread) described A source 
of 2 000 curies of cobalt however emits 
gamma ra>s of an intensity equivalent to more 
than 2 000 Gm of radium The cost of such 
a cobalt source is of the order of $30 000 
The use of any equivalent quantity of radium 
IS not practical since the cost of the radium is 
more than one thousand times as great as 
that of the cobalt A tclecurie unit with a 
source of 2 000 curies of cobalt can be used 
at a focal skin distance of 75 to 100 cm thus 
giving a depth dose simi'ar to that of a 
2 mev X ny machine The disadvantage of 


the small depth dose of the radium beam unit 
no longer holds in the case of the telecurie 
unit which can therefore be used for treating 
more deeply situated tumors (Chap 28 ) 

A radium beam unit of the type described 
above is convenient to work giving almost 
trouble free service over a long time It may 
be regarded as the forerunner of the modern 
tclecurie unit It is effective in the treatment 
of cancer in relatively superficial sites such as 
the mouth and throat and existing apparatus 
of this kind can therefore still fulfill a useful 
function 
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Multiple Source Radium Beam Therapy 


Dougfas Quick 
one/ 
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The radium beam unit to be described 
was designed by and constructed under the 
immediate supervision of Dr Gioacchino 
Failla It contains 50 Gm of radium in the 
form of radium sulfate divided into 25 
2 Gm capsules that are distributed, equally 
spaced m a stainless steel ring 30 cm m 
diameter The radium cipsules themselves are 
of monel with an outer jacket of steel to 
protect against mercur) When the radium is 
m a treating position each capsule coincides 
precisely with a conical collimating channel 
through the lead shielding at the bottom of 
the beam he id The capsules and collimating 
channels are angled inwardly approximately 
23 from the vertical so that the 25 in 
dividual beams come together at a focus 35 
cm perpendicularly below the plane of the 
radium ring the distance from a single capsule 
to the focus being 38 1 cm 
There are several advantages to this arrange 
ment If the radium were to be used as a single 
source either the source would be very thick 
with a small cross section in order to simulate 
a point source or the radium would have to 
be spread out over a comparatively large area 
ith a thick source a large part of the radi » 
tion would be absorbed by the high filtration of 
the intervening radium itself With a large flat 
source the sizable penumbra would be obiec 
tionable With 25 individual sources coUuna 
lion of the radiation is accomplished more 
easily and since the separate beams do not 
overlap completely until they reach a distance 
of 35 cm below the plane of the radium the 
radiaUon dose to any point on the skm is 


much less than that at the focus The 35'Cn: 
distance between sources and focus was detei 
mined assuming a 25 cm source skin dis 
tance to be reasonable for an ideal tumo 
depth of 10 cm The diameter of the com 
bincd beams at this depth is about 7 cm ^ 
longer source focus distance would reduce tfa' 
output at the tumor while giving a grea^ 
relative depth dose A shorter distance wouli 
reduce the amount of space betv,een had aai 
skm or reduce the lead for protection am. 
colltmation 

In the treating position the radium-carrym! 
ring IS at the bottom of a steel cylinder sur 
rounded by lead A one sixteenth inch stee 
plate forms the bottom of the steel cylm er 
and the radiation enters the collimating c an 
nels through this In order to cut off radiation 
when setting up patients etc the ring is 
through a pool of mercury approximate!) 
cm deep which then acts as a shutter benea 
the radium (from Position 5 to Position ^ 
Figure 23 1) Additional protection is at 
forded bv the lead at the bottom o a 
container smee the capsules are not in ^ 
alignment with their individual channels 
amount of radiation escaping directly 
neath the beam head is then less than 6 mr/ 
The motion of the radium carrying 
controlled from outside the room wit 
interlocking electric switch on the door s 
that entering the room automatically ea 
the radium to nse into its protected or s 
position The walls of the beam head me 
lead and steel approximately 21 cm 
affording this protection between the nea 
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Fig 23 I Diagram of a cro» »ection of ihe rodium b»am head T Rack 
and pinion for controlling motion of iod)urn<arryi»g nng 2 Guiding roller 
3 Spring compressed to forte out inercurjr a! bottom of cylinder when 
rod um is in treating position 4 Filling hole through which radium wos 
inserted m Belgium 5 Treating pos lion of rodivnxarrying ring ehowing 
position ond ongulotion of radium capsule 6 Conical collimating channel 
through lead 7 Brass beta ray filler covering bottom of beam head 8 
Removable graded faross filer covenng bottom of high point of radiation 
9 Cone for center ng rodium-corrying nng 10 Guide rod to prevent rota 
ton of ring 11 OH or safe posihors of ring at top of mercury pool 
12 Centrol pointer along which rodiumskan distance ii measured 13 Loca 
lion of machinery on top of beam heod conceoled by cover 

Leod encased in stainless steel surrounds Ihe unit and the ossembloge 
of the beam head by bolts in the upper corners of the d ogromed beam 
head can be seen As actuolly viewed in the treatment room the cylinder 
IS extended upward by a cover that conceals the gearing and motor placed 
on the top of the beam head so that only the very top of the plunger 
housing shews 
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Fg 23 2 Radium tulfole lalt ij ccnlomed Ia (noA«l 
tube with an outer itcel jacket 

radium capsule and any point outside the 
container while mercury and additional lead 
are between more distant capsules 
The movement of the radium carrying ring 
IS controlled by a rack and pinion driven by 
a motor through a worm gear (shown as 1 
in Figure 23 1) Rollers guide the motion and 
a heavy spring is compressed by the motor 
after the ring reaches the bottom thus forcing 
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out any mercury that might remain between 
a capsule and the steel and absorb some of 
the radiation (2 and 3 m Figure 23 I) The 
radium is raised by reversing the motor Limit 
switches automatically stop the motor at the 
on or ofT positions after the respective spring 
has been compressed by a prcdctcrrain d 
amount There is also a manual control wheel 
bj which the ring could be raised m the event 
of a power failure To insure that each capsule 
IS accurilcly centered over its corrcspondin 




Fig 27’4 Radium faeom unit ii lupported on 
track under ceiling Un t ts mechon zed end 
moved ocroil room on track Beam head iJ ong 
ond patient it in place on table reody for tlno p 
lionlng 


Fig 23-3 Moler-drven mechanum 
rod urn through mercury from lafe po» t 
pottion ond for ongulot ng beam heed 


lor towering 
or) to treating 


channel the ring as it comes down fits over a 
tapered pm in the center which keep* * 
centrally adjusted (9) Also the nog is 
vented from turning by a rod parallel to * 
axis and line of motion (10) The 
assembly for raising and lowering the ru^ 
can be removed in case of needed 
without any necessity for disturbing 
radium . 

Jn order to place the radium capsules in 
nng the top portion of the unit was sen 
Belgium attached to a rough lead bo o 
shield There each capsule was individually 




Multiple Source Radium Beam Therapy 
inserted into position through the filling hole 
in the top of the container (4), the ring then 
being rotated to the position of the next 
capsule Meanwhile the permanent bottom of 
the beam head was installed in the beam 
room here suspended from rollers on a ccil 
mg track and filled with mercury Then it 
WAS necessary only to hoist the top and 
radium carrying portions of the beam head 
out of the shipping container by means of 
riggers equipment brought down through a 
trap door m the ceiling of the treatment room 
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place in good view of the observation window 
and the hydraulic treatment table moved The 
treatmeot table can be raised or lowered 
electncally and also lilted thus facilitating 
the setting up of patients The angle of tilt of 
the table is determined by a level and pro 
tractor arrangement attached to the side of 
the table This 'ingle as well as the angle of 
the beam head from the vertical and the dis 
lance from the bottom of the beam head to 
the skm of the patient necessary to put the 
foe'll plane at the tumor level (measured 



Fig 23 s Hydrogle t<ibl€ o<t whtcK lreQi«d can b« railed 

or lowered ond ongled lo fecil late pot'lion ng ot potienti Protractor and 
level dev ce tor delerminotion of toble ongulation not »Sewn 


move the permanent bottom of the beam head 
under the top part by controls from outside 
the room and lower the top 

The beam room itself has walls of concrete 
two feet thick and is entered through a half 
inch lead lined door and a maze An observa 
tioft window consists of a truncated cone of 
water two feet thick through which patients 
can be seen from outsids during ihcir treat 
ments The beam head is mercury tight and 
can be rotated completely around hovseser it 
IS ccnctalSs used at ins ancle between its 
sertical and horizontal positions only since 
this provides all ihc anculalion necessary A! 
thought the container can be moved across 
the room m practice it has been left m one 


along the center pointer 12) can be pre 
senbed for each individual patient and re 
produced at each successive treatment 
The twenty five sources cannot give more 
radiation at the focus than w'ould a single 
source and this output is reduced by some 
self absorption of Ihc salt and the absorptions 
of the monel and steel in the capsule the 
steel plate holding the mercury a brass beta 
ray filter on the outside of the bottom of the 
beam head (7) and the amount of tissue 
jntcrvcnmc between the beam bead and ihc 
focus which amount depends on the parlicu 
hr setup for a patient ^Vhc^ the focus is 
10 cm below the skm the output is 3 r pvr 
minute Ibcrc is however a central higher 



398 

point of ridiation about 7 5 cm above the 
focus where the inner edges of the 25 beams 
begin to cross since the distance from the 
sources to this point is less than that from 
sources to focus Thus the isodose curves ob 
tamed with the radium unit are very different 
from those obtained with other sources of 
radiation being somewhat similar to those 
recently encountered in horizontal or short 



Fig 23*6 Uodese curve withovi graded brost filter 
Dose Is in percentage of dose ot focus mid line 10 
cm deep Beom head— skin distance is 117 cm 

axis rotation therapy The effect of the high 
point has been considerabl) lessened by a 
graded brass filter (8) which fils on the 
bottom of the beam head and extends halfway 
out over the brass beta ray filter covering the 
25 beam apertures thus reducing the radia 
tion in the inner half of the nng without ap 
preciably lowering the dose at the focus 
Turning from the strictly engineering fea 
tures of this special type of beam head some 
of the clinical advantages are apparent and 
others ha\e been revealed by experience 
It was believed that 50 Gm of radium was 
the minimum quantity that would afford a full 
working range and an expenence of five 
years has proved this to be correct The 
radiation source is a fixed and nonfiuctuating 
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quantity and is so far the best proved quality 
of therapeutic radiation The patient capacity 
is limited numerically With a standard type 
of patient setup the tumor dose at 10 cm 
depth is 3 r per minute wc believe this slow 
dosage delivery is advantageous 
The multiple converging beam arrange 
ment permits delivering a lethal tumor dose or 
a destructive normal tissue dose without gross 



surface tissue damage (Skin reactions are D 
longer limiting factors ) Five years o cx 
penence with this equipment are not enou^ 
to warrant a detailed discussion of relative 
dosages but data are steadily being col ec e 
on tolerance of various tissues to large os 
of gamma radiation from radium doses ^ 
vary in intensity and also in overall to 
delivery time Relative tolerances ’ 

tercsting data such as the resistance o on 
to this quality of radiation as compare wi 
conventional high voltage X radiation 

A few clinical comments will ° ^ 

impression regarding this modality ‘ 

years use does not permit a critical eva ua i 
Results in widely divergent cancer groups n 
previously expenenced have been obtain 


Multiple Source Radium Ream Tlicrapj 
These range through the more advanced head 
and neck cancers lung and bladder cancers 
certain of the more resistant kidney tumors 
female pelvic cancer and a suggestion of en 
couragement in some of the primary bone 
tumors 

A quality of irradiation that is much less 
damaging to normal tissues and permits a 
better and more favorable co operative effort 
between irradiation and operative jurgery be 
comes a reasonable practical possibility 

An ideal arrangement would consist of sev 
oral units of this basic t)pc but with the mul 
tiplc beam patterns varied to suit each one of 
several rather standard anatomic distribution 
problems commonly met with m radiation 
therapy practice Our circular beam with a 
focal plane of 3 inch diameter is admirably 
suited to man) of the head and neck problems 
to localized but otherwise inoperable lung 
cancer to urinary bladder tumors to the cx 
tcrnal irradiation phase of uterine cancer 
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therapy, and to many other problems of 
limited spread of the disease A long oval or 
rectangular field pattern would be more suit 
able for full mediastinal irradiation m esoph 
ageal carcinoma or any extensive mediastinal 
node involvement problem Total pelvic irra 
diation Would be best handled by a rectangular 
field of a size different from the one just re 
ferred to and another variation would best 
handle the majority of breast problems espe 
cially With the renewed interest m Mac 
Whirtcrs plan for the care of breast cancer 
At the other extreme a beam with focal plane 
of very small diameter — for instance half the 
size of our present beam — would be extremely 
valuable under some circumstances 

From our experience to date we are con 
vinccd that the basic principle involved in 
this particular unit is capable of adaptation in 
various ways and to substantial advantage 
for the better handling of many of our more 
difficult and more resistant therapy problems 




Clinical Application of 
Radioactive Isotopes 




Editorial Introduction 

Artificial Radioisotopes in the Treatment of Cancer 


In the decade that artificial isotopes have 
been available from the chain reacting pile 
they have found extensive use Their applica 
tions in the field of medicine have been mainly 
m the realm of research especially in the 
studies of intermediary metabolism New ap 
plications in diagnostic procedures are con 
tmually being found The use of m the 
study of thyroid disorders of radioactive 
lodinated serum albumin to localize brain 
tumors of radioactive chromated red cells to 
study red cell volume and the use of radio 
active phosphorus to localize tumors of the 
eye represent but a few of the diagnostic uses 
for radioisotopes Ingenious experiments are 
being performed in efforts to localize the 
radioactive isotopes witbm tumors Although 
physical measurements often indicate a rather 
high specific activity of concentration of the 
radioactive isotopes by the tumor m excess of 
that of the surrounding tissue the differential 
IS not great enough m most instances to effect 
a marked destruction of the cancer without 
producing excessive damage to normal struc 
tures An exception however is seen in certain 
forms of thyroid cancer where the avidity 
of the neoplasm for the radioactive isotope is 
so great as to bind quantities of radioactive 
iodine lethal to the tumor The ablation of 
the thyroid gland partially enhances the avidity 
of metastatic thyroid cancer to concentrate 
the radioiodine Methods may be developed to 
block other metabolic pathways in which 
administered radioactive isotopes may partici 
pate so that they may be shunted into the 
metabolism of a given neoplasm and thereby 
aid in the destruction of the neoplasm A1 
though many experiments are being performed 
at present with this in sight the editors have 
not felt justified to include them in these 
volumes Throughout these volumes an effort 
has been made to present the methods now 


being successfully used in the treatment of 
cancer by radioactive isotopes 

The utilization of artificial radioisotopes 
for human therapy has opened an entirely new 
vista of radiology Artificial isotopes al 
though often used as a substitute for the 
naturally occurring ones such as radium are 
used also in clinical situations where radium 
and Its decay products cannot be used 

The newer methods of administering ir 
radiation introduce problems of dosimetry 
that have not been worked out to the satisfac 
tiOD of all to date The earliest efforts to ex 
press dosimetry of artificial radioisotopes were 
those in which efforts were made to correlate 
a given dose with an equivalent dose of X or 
gamma radiation The unit of exposure of x 
ray is the roentgen defined as that quantity 
of X or gamma radiation such that the as 
sociatcd corpuscular emission per 0 001293 O 
of air (1 cc at STP) produces m air ions 
carrying one electrostatic unit of electricity of 
either sign 

Inasmuch as the roentgen is a true ex 
pression of dose only when it applies for air 
and only when it applies to X or gamma 
rays efforts have been made to express radia 
lion dosages in tissues based on the quantita 
lion of energy absorption m tissue At the 
Sixth International Congress of Radiology m 
1950 the erg per gram was adopted as the 
offiaal basic unit in which all radiation 
dosages including X and gamma ray doses 
should be measured One unit for measuring 
isotopes that has been used fairly extensively 
has been the REP (roentgen equivalent phys 
ical) this is defined as that amount of ionizing 
radiation producing 93 erg/g of energy ab 
sorption in tissue This value was selected to 
be the same as energy absorbed by water 
exposed to hard x rays The REP has not 
been officially accepted There is no especial 
reason why the energy of the REP and the 
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roentgen should be equal At the Seventh In 
ternational Congress of Radiology in 1953 the 
unit accepted for expressing dosage of radio 
isotopes was the RAD which is defined as the 
dose producing energy absorption m anj ir 
radiated material equal to 100 ergs per gram 

RADs are particularly suited to beta particle 
dosimetry For a tracer application in mcdi 
cine the maximum quantity of radioisotope 
administered is limited by that amount which 
will give a radiation dose no greater thin 0 3 
RAD per week 

Physicists are now busily engaged m dcvel 
opmg a uniform method of expressing the 
quantity and type of radiation for a given 
isotope Efforts to correlate the dose of radia 
lion from an isotope with that of a given 
known source have been made A frequent 
such use IS the correlation of miflicuncs of 
cobalt in terms of milligrams of radium This 
attempted correlation can be misleading It 
would be better to express the gamma equiv 
alence of the two isotopes and possibly ex 
press the output in r per hour A unit the 
rhm the r pec hour at one meter was devised 
for this purpose The future will offer a satis 
factory expression of dosage of radiation from 
radioisotopes in biologic systems as more js 
learned about the distribution of the isotope 
within the organism a correlation between cx 
pressions of physical dose and biologic effects 
will be obtained 

The following list includes the radioisotopes 
now commercially available for treating can 
cer • 

1 Sterile colloidal radiogold This is a 
stable colloid of Au'®* containing approx 
imately 4 to 5 mc/mg of Au’®® and having 
an activity of 15 to 90 mc/cc Other specific 
activities for special uses are available 

2 Sterile silver on radiogold colloid This 
is a modification of the above in which high 
specific activity gold has on it a coating of 
silver or silver oxide changing somewhat its 
biologic behavior 

3 Sterile chromic radiophosphate This is a 
suspension in dextrose of ignited and finely 
ground chromic phosphate having a particle 
size of 0 2 to 0 4 ^ Somewhat experimental 
It IS being used as a pure P emitter for mtra 
cavitary and interstitial irradiations 

• After Tabern 
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4 Cobalt needles Stainless steel needks 
containing cobalt wire and giving activities 
per centimeter of length approximate!) equiv 
aicnt to radium 

5 Cobalt alloy sources This highly resistant 
alloy, cither alone or enclosed in glass or 
metal units, provides a source of monochro 
matic radiation for the cells ovoids etc of 
Ernst, Fletcher Hymen and other applicators 
The cost IS only a fraction of that of the 
corresponding amount of radium 

6 Cobalt m nylon This same alloy ca 
dosed in flexible nylon catheter tubing pro- 
vides a unique source of radiation for regions 
where ‘ fixed forms arc not applicable 

7 Strontium 0 ray applicators These are 
designed to provide a convenient source of 
1 2 mev B rays for external use and eye ir 
radiations in particular 

8 Sodium radioiodide solutions These pro- 
vide diluted sodium radioiodide solutions for 
therapeutic doses For the uptake studies that 
usually precede therapy more dilute solutions 
and capsules are available 

9 Sterile sodium radiophosphate This like 
wise provides a solution containing approx 
imalely 1 mc/cc of for oral or mtra 
venous administration of that isotope for the 
treatment of polycythemia vera and chronic 
myelogenous leukemia 

10 Among the therapeutic preparations 
still m the developmental state ire Y®® a pure P 
emitter forming complexes with body proteins 
and with proper amounts of carrier remain 
ing Well localized in tissues Auroseeds sim 
liar in physical form to the familiar radon 
seeds have as active agent the pure y emission 
of Au«» and may be cut at the point of use 
to give seeds of any desired activity 

Table Ed Introd I presents a resume of the 

different methods of administering artificia 
radioactive isotopes and the cancers for whic 
they are used The last column lists the loca 
tion within these volumes where a descrip^'^ 
of the use of a given isotope is provided The 
editors have attempted to present a birds-ey® 
view of the present accomplishments in t e 
field of treating cancer with radioactive iso 
topes The entire subject is in a state of dy 
namic flux and many changes are anticipate 
in the near future 
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Metfiod of 
admimurauon 

I%otope 

For treatment of 

Presented in 

parenteral 

administration 

p« 

Leukemia 

Poljqrthemia vera 

Vol I Chap 25 Vol 
IX Chap 12 

Vol IX Chap 17 


I« 

ThjroKl cancer 

Vol III Chap 47 


All’" 

CrP'O, 

Leukemia 

Vol I Chap 24 


Boron 

Subjected to 
neutron beam 
in \i\o 

Brain tumors 

Vol 11 Chap " 

Surface 

application 

P’ 

Si* 

Au " 

Superficial skin lesions 
Ophthalmologic lesions 
Mold therapy of 
skin cancer 

Vol 1 Chap 24 

Vol I Chap 24 

Interstitial 

injection 

Ah’" 

Carcinoma of prostate 
Carcinoma of cervix 

Vol VII Chap 7 

Vol I Chap 24 


CrP^O 

Same as Au”* 

Vol 1 Chap 24 

Interstitial 

implantation 

Q 1 

All instances where 
intersiitul radium 
needles and seeds 
hast been used 

Vol I Chap 27 


Au" 

As replacement for 
gold radon seeds 

Vol 1 Chap 26 


I" 

Carcinoma of 
pancreas 

Vol V Chap 21 


Au ^ 
Coated 

siher 

Bronchogenic 

carcinoma 

Vol 1 Chap 24 


Tt 

Bladder tumors 

Vol 1 Chap 24 

Intracasilars 

inriUmtion 

Au" CrP"0 Y 

*• Ascites and hjdro 

thorax due to cancer 

Posfoperaiisch to 
present seeding of 
cancer 

Vol 1 Chap 24 

Intracasitars 

imphntstion 

Co- 

\u" 

HI iddcr tumors 

Uterine cancer 

Vol I Chap 27 

Vol M Chap X 


Na Hr* 

llasc been used for 
Msd !cr tumors 


r stems! theraps 
(tclcih raps > 

to" 

Most Incalircti 
cancers 

Vol 1 Chap 28 



CHAPTER 24 


General Principles in the Therapeutic Use of 
Artificial Radioactive Isotopes 


Poul F Hahn 


INTRODUCTION 

During the fifty five years in which roentgen 
rays have been used m the treatment of can 
cer and a somewhat shorter period during 
which radium and radon have been used for 
similar purposes a wealth of information con 
cemmg ionizing radiations and their effect on 
neoplastic and normal tissue has accumulated 
Earlier empirical methods of application of 
their ionizing radiations have novs been re 
duced to more systematic and scientific 
methods The introduction of the cyclotron in 
the early 1930 s followed shortly by the dis 
covery of artificial radioactivity and ten years 
later by the development of the chain reacting 
pile have all contributed immensely to the 
potential future of radiation therapy Many 
problems have arisen and been solved witfi 
regard to purification measurement handling 
and disposal of these useful agents At present 
there are approximately 1 000 artificial radio 
active isotopes that have been desenbed many 
of which by virtue of their physical character 
istics are available for biologic and medical 
uses 

The various criteria for acceptability of 
these isotopes in human therapy have been 
discussed elsewhere [9] Such entena are ne 
cessanly arbitrary since changing conditions 
the discovery of new isotopes by various re 
actions the development of more efficient sep 
aration procedures development of new re 
actors with higher neutron flux and finally 
a better appreciation of the biologic haodlmg 
of many of the rare elements have all con 
tnbuted to make practical the use of a wider 
variety of isotopes Many nuclides because of 


Ihcir exceedingly short half lives may seldom 
or never see any practical application n 
thenpy Even here an exception is to be 
noted as for example in the m vivo induction 
of radioactivity m boron by thermal neutrons 
m the treatment of brain tumors [5] Exces 
sivcly long half lives militate against the in 
vivo use of certain nuclides m human therapy 
In spite of the limitations several dozen 
nuclides have found u eful application w 
therapy and the radiotherapist is presented 
with many other new sources of radiation with 
a wide variety of spectra many of which may 
be almost tailor made to his needs 

ARTIFICIAL RADIOISOTOPES AS 
SUBSTITUTES FOR X RAYS 
AND RADIUM 

Man) look upon artificial radioactive iso 
topes solely as substitutes for earlier existing 
radiation measures This is not necessanly so 
It is true that Co” teletherapy represents a 
satisfactory substitute for supervoltage xray 
in the one million volt range with advantages 
in economy both in initial installation an 
upkeep In those instances where the 250 kv 
dose range is more suitable the interstitial use 
of isotopes can sometime offer certain advan 
tages Limitation of dosage by skm erythema 
IS eliminated Furthermore the inverse square 
law operates in favor of the therapist rather 
than against him It is of interest that if radium 
were to have been discovered during the pas 
15 years along with most of the other radio 
active isotopes, it would very likely never have 
been used in cancer therapy [12] ** 

available a wide variety of nuclides that have 
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more suitabK characttn^tics than radium 
Radium is an t\ce\.dmgK to\ic carcm 05 ,tmc 
agent when ingested which must be enenp 
sulated m platinum needles or tubes the break 
ace of which can become a ^e^^ serious prob 
le'm In the past 8 Nears cobalt needles hnNe 
been used extensuel) in climcnl intersliinl 
implantation therapN Cobalt like radium is 
also filtered with platinum m order to screen 
out the greater part of the beta particle cmana 
tion since both materials are used pnmanl) 


miUicune dosage desired the end being 
pmcKd for closure eUumg this process The 
gold wire seeds do not require the c ireful 
handling during slenhration imd inipl int ition 
that IS nccess ir\ toa\oid ruptua of the ruloii 
seeds [17] Frcim ti standpoint of dosimetr) 
there arc disuUantages nt the present time m 
the use of the gold st\.ds \n \sn\uch us little 
empirical inform ition is iiNulihle iind the 
usuall} used radon dose tables cuinol be used 
because of the lirge discrepiincN m the gmima 
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in a cross-fire of gamma irradiation to nun 
imizc local necrosis Ta” and Ir‘® arc cur 
rcnily under stud) for use m similar forms of 
therapy Cs'^’ a fission product has a dcsir 
able half life of 37 years and a gamma energy 
of 0 7 mev but like radium has the disad 
santage of difTicuUy of encapsulation and 
dancer m case of breakage [17 29] 

The use of Au* seeds as a substitute for 
radon is becoming more and more popular 
(31 38] Here radioactive gold wire is mtro 
duced mto a piece of nonradioactivc gold tub 
me and the seeds arc cut off according to Ih** 


energies md in tin. ulditionil difference m 
half lives from n st indpomt of sifelv tlic 
gold his two definite advinligcs the first 
being Ih It no radioactive giis enn cst ipe from 
these seeds and the second 111 it proleetlnn in 
handling is much c isicr bcc tiisc llic h df v due 
in lead for gold is ipprosmi ilcly one third 
Ih It of radon I or c* miple a Ic id tontiimer 
for Stonge of nylon riltiion ioidcd with Au*^' 
seeds sscighs iipproxirniilcly ^(J pounds In con 
eras! to the sior »| c of c<|uiv ilcnt luiioiinis 
(millieiirics) of ndiiirii svlilch would wcijii 
400 pounds I rom it viewpoint of cost fij ufcs 


1 
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are not readily available or comparable at the 
present time Considerable differences would 
result, depending upon whether or not the 
hospital had its own radon plant 

The recently introduced means of im 
plantation of radon seeds small radium cap 
sules cobalt sources and gold seeds m nylon 
ribbon have found fairly wide acceptability 
owing to decreased exposure to operating per 
sonnel during implantation [18] Together with 
radon seeds the Au’®* seeds have the advan 
tage that they do not have to be recovered 
from the ribbons The further advantage in 
the gold is again its low half value in lead 

ARTIFICIAL RADIOISOTOPES AS A 

DISTINCT METHOD OF 

RADIATION THERAPY 

Systemic Administration 
The other artificial radioactive isotopes that 
have been most concerned m therapy of can 
cer are P’ , and Au”* in the form of 
radioactive colloidal sol 

RADIOACTIVE PHOSPHORUS 

was first used in therapy twenty years 
ago in the treatment of leukemia During the 
next few years this use was extended to the 
treatment of polycythemia vera Its popularity 
m the treatment of leukemia has diminished 
somewhat recently owing probably to the 
development and popularity of a wide variety 
of chemotherapeutic agents Osgood his con 
tnbuted a great deal to the maintenance ther 
apy approach m the use of P’ Many m 
vestigators object to the use of this nuclide 
because of the lack of specificity of phos 
phorus for the bone marrow, its salts tending 
to go to most cells m the body The use of this 
agent in the control of polycythemia vera has 
increased steadily There are differences of 
opinion as to whether this disease should be 
considered the erythrocytic analogue of leu 
kerma and therefore a malignant disease It 
now seems fairly generally agreed that there is 
some real increase in the terminal incidence 
of fulminating leukemia m P® treatment of 
polycythemia vera The writer accordingly be 
lieves that phlebotomy deserves a trial in most 
cases of polycythemia and that in the difficult 
cases where problems of microcytosis etc 
develop and are otherwise troublesome to 
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handle by bleeding this is time enough in 
which to introduce P’ therapy Owing to the 
relatively long half life of P’ the time for 
dissipation of the radioactivity is fairly con 
sidcrablc requiring about 2 months to deliver 
97 per cent of the total energy The long life 
span of the erythrocyte must be recognized 
These factors make it difficult to titrate tbe 
patient response Thus, the individual with an 
abnormally high erythrocyte count if treated 
with P®* alone is subject to possible complica 
lions such as thrombotic accidents dunng the 
first month or two under therapy unless vene 
section IS resorted to at the lime isotope treat 
ment IS initiated Much of the popularity of 
P® therapy in polycythemia vera has possibly 
stemmed from the notion that has become 
more and more widespread that a pure beta 
emitting isotope is safe to handle Liberaliza 
tton of allocations for use of this isotope have 
probably been based largely upon such a con 
ccption 

RADIOACTIVE IODINE 

Early uses of T®® were confined largely to 
the treatment of thyrotoxicosis and it was not 
until shortly after 1940 that serious attempts 
were made to use this isotope and lo the 
treatment of thyroid cancer 

The accumulation of radioiodme by meta 
static carcinoma of the thyroid gland was re 
ported by Keston Ball Frantz and Palmer m 

1942 [21] Seidlin Marinelli and Oshry w 

1943 [35] used F®® m the treatment of meta 
static adenocarcinoma of the thyroid At first 
the attempts were somewhat discouraging m 
asmuch as only about 15 per cent of the cases 
showed uptake of iodine nuclides by the me a 
staUc tumors However it was subsequently 
found that ablation of the thyroid either sur 
gically or by irradiation with the lodme iso 
tope was frequently followed by an increase 
uptake by the distant lesions Also by a 
ministration of thyroid stimulating hormone 
and the judicious use of thiouricil, ultimate y 
a larger number of patients became reasona e 
candidates for therapy 

It must be kept m mind that the incidence 
of thyroid cancer is fairly low This 
appearmg m only about 1 per cent of a 
cancer population does not represent 
serious problem with which we are face i 
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comparison with tumors of the breast ovary 
cervix prostate stomach and lung A great 
deal of the early emphasis of artificial isotope 
therapy m carcinoma of the thvroid can be 
ascribed to the reads availabililV of tht.se 
nuclides even m prereactor days At the prts 
ent time T” is obtained as a fission product 
and IS therefore available m almost unlimited 
quantities In some circles there is currently a 
resurgence of interest m r ° but this is largely 
concerned with use of the material m ih«. 
treatment of thyrotoxicosis and is again bas-'d 
upon the added ability to titrate the radia 
tion response 

According to Pochm [33] several general 
points are now widely accepted m the con 
duct of treatment of carcinoma of the thyroid 
with 1“^ (1) Any thyroid carcinoma that can 
be wholly removed at operation should be 
treated surgically rather than by radioiodine 

(2) Many tumors that ultimately concentrate 
lodmc do not do so until after ablation of the 
thyroid gland by surgery or radioactive iodine 

(3) Highly differentiated carcinomas wah col 
!oid filled follicles are more likely to concen 
trate and retain radioiodine than anaplastic 
tumors 14) Anaplastic tumors are better 
treated by radiotherapy wah or without 
surgery than by radioiodine 

It must be kept in mind however that some 
cases of relatively differentiated tumors with 
good iodine uptake show little response to 
Ueatment On the other hand in cases of 
anaplastic tumors a good response may occur 
although the uptake of lodmc has been poor 
or even impossible to detect bv external count 
mg methods In general however the effecis 
of treatment appear to run parallel to the 
degree of uptake 

Pochm has described the selection of pa 
tients for thyroid ablation NVhea the latter 
procedure is indicated he has stated the pros 
and cons for surgical removal and for radio 
lodmc destruction of the gland ( 1 ) Surgic il 
removal avoids unnecessary exposure to radi 
ation of the patient whose survival may de 
pend on how much subsequent radioiodine 
can be administered without inducing hypo 
plasia or aplasia of the bone marrow (2) Val 
uable time may be gained since radiation 
therapy wuh radioiodine can be begun 
promptly after operation avoiding waiting 


until the side effects of an ablation dose have 
disappeared (3) It can be combined with re 
section of as much tumor tissue as can safely 
be removed 

On the other hand when structures of the 
neck have been altered by previous operation 
such that there is a risk of damage to the re 
current laryngeal nerves or parathyroids 
thyroidectomy may be dangerous Radioiodine 
ablation is indicated if one recurrent nerve is 
already destroyed or if several previous thy 
TOid operations have been performed or if 
the thyroid is densely infiltrated and adherent 
The dose should be sufficient to insure actual 
destruction of the gland without being so large 
as to cause excessive total radiation 

As to dosage for ablations the amounts used 
in Great Britain are in general higher than in 
this country The widely used dosage here 
would be from 25 to 35 me whereas the 
British use a dose of 75 to 80 me for this 
purpose In using higher ablation doses much 
concern has been expressed concerning the 
radiation that may be directed to the hepatic 
tissue With an 80 me dose it has been estt 
mated (33) that the liver radiation might ex 
cccd 1 000 RAPs In our rather extensive 
expcnence m which selective irradiation to 
the h\cr is accomplished by the intravenous 
administration of radioactive colloids we have 
found however that 2 500 RADs or more arc 
well tolerated by the human and have shown 
that m the dog ii is necessary to administer as 
much as 00 000 to 80 000 RADs before ir 
reversible pathologic changes result [13J It 
seems likely then that the limiting fa.cXor in 
dosage would more likely be the bone marrow 
rather than the hepatic tissue tolerance to side 
effects of thyroid irradiation The thyroid 
gland may become moderately tender during 
the period m which the gland radioiodine is 
being rapidly discharged according to Howes 
and Foot Similarly cervical lymph nodes 
may become tender and decreased m sire dur 
mg the week following the ablation dose even 
though little radioiodine uptake apparently 
occurs Following an ablation dose edema 
may develop m the thyroid or m nearby func 
tioning melastases causing embarrassment to 
breathing and therefore intubation and fra 
cheotomy procedures must be considered as 
a possible emergency part of such treatment 
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Usually the radtoiodine treatment of the 
tumor IS useless until tracer evidence indi 
cates concentration of the nuclide Such con 
centration may be evident before thyroid 
ablation or it may require some weeks follow 
mg such procedure If uptake is poor, thiou 
ricil or Its derivatives is given [33 34) for 
two or more months at a dosage of 0 6 to I S 
Gm per day After discontinuance of the 
drug for 2 days another uptake study should 
be made if concentration in the metastascs is 
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decisions as to continued treatment and the 
extent thereof since it must always be kept m 
mind that the limitation of this form of thcr 
apy lies in the ability of the body to withstand 
general radiation and m particular of the bone 
mnrrow to do so 

Dosages for the therapeutic use of iodine 
following ablation range from 100 to 150 me 
orally at intervals of 3 to 4 months As m the 
use of radiocolloids by vein for treatment of 
leukemia (sec below), where there is concen 



shown to be favorable a therapeutic dose is 
then given immediately 

Many points arise as to decisions concern 
ing the advisability of admmistenng Ihera 
peutic doses immediately following ablation 
maintenance of the myxedematous state or at 
tempts to increase the uptake by the admmis 
tration of thyroid stunulatmg hormone or a 
senes of thiouncil treatments The many m 
dividual variations m the size and location of 
the metastatic tumor tissue the extent of up 
take in various locations all require a con 
sidenible amount of judiciousness in making 


tration of the material m the RE system 
hematologic changes are the rule immediate y 
following isotope administration In practic 
ally all cases however these changes o ten 
Umitated to the lymphocytic elements are 
transitory Occasionally however rather pw 
sistent leukopenia anemia and thrombocy o 
penia occur which of course require cessation 
of therapy 

Reduction in the size of the tumor or me a 
static lesions does not necessarily indicate up- 
take of the radioiodme There are a number o 
cases in this type of therapy as well as m 
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radiogold treatment of Hodgkin s disease and 
leukemia in which there is no evidence of 
localization of the material and still lymph 
glands decrease markedly m size suggesting 
m the over all that there is a humoral effect 
ascnbable to the irradiation In the use of 
radioiodine many of these alterations in size 
of the lesions are preceded by tenderness 
Instrumental monitoring of the patient is of 
course highly advisable and much more feasi 
ble over the past few >ears during which time 
a number of variations of scintiscanners 
have been on the market Improvements in 
such instruments are being made constantly 
and semiquantitation of uptake by various 
lesions IS becoming more and more feasible 
A discussion of the radiation hazards m con 
nection with the use of iodine can be found by 
consulting other sources that take up such 
problems m detail [33] 

There is a considerably greater hazard m 
handling patients treated with massive doses 
of iodine than m the instances of other iso 
topes, since the excretion problems become 
highly important (saliva ssseat urine etc ) 
It must be remembered that the tolerance of 
the euthyroid patients toward radiation is rela 
lively small and that small fractions of the 
therapeutic doses employed m carcinoma of 
the thyroid could be highly dangerous As to 
distribution of patients it is preferred in some 
centers to treat patients in special wards where 
the stall 15 familiar with the problems involved 

RADIOACTIVE GOLD 

Radiogold colloids were first introduced by 
Hahn and Sheppard in 1946 as therapeutic 
agents against cancer At the time they were 
at first looked upon as a pile substitute for 
previously used colloid and Mn* Oj colloids 
for intravenous treatment of diseases involv 
ing the rcticulo endothelial system The latter 
nuclides being made by cyclotrons were en 
tircly too expensive and othenvisc unsuilcd for 
large scale clinical use On the other hand 
metallic gold colloids seemed hichly suitable 
with regard to practically all characteristics 
including economy of production m the rc 
actor and other criteria for such therapeutic 
radioactive acenis [9 11] In the beginning 
thev were used primarily by the intravenous 
route in the treatment of acute and chronic 


leukemias and in Hodgkin s disease In acute 
leukemias in children one survival of 12 
months and one of 9 months were recorded in 
12 cases treated but otherwise in general the 
results were not too encouraging In the treat 
ment of chronic myelogenous and lymphog 
cnous leukemia how>cvcr excellent remissions 
of from 4 to 6 months duration have been 
uniformly obtained following the intravenous 
administration of approximately 50 me of 
the colloid [9 13] Among the advantages of 
using this material are (1) It may be ad 
ministered to ambulant patients m a single 
intravenous dose making unnecessary the 
hospitalization or repeated return of patients 
as IS required for X irradiation to the spleen 
(2) There is a negligible degree of radiation 
sickness encountered and that in only a small 
percentage of the patients treated owing pre 
sumably to the integration of the radiation of 
dose deliverance (3) The metallic colloid is 
nontoxic and does not give rise to immuno 
logic or dermatologic reaction (4) Metallic 
gold being insoluble in body fluids usually 
remains at the site of original deposition the 
latter depending upon the route of admin 
istration (5) There is no problem of radio 
active excreta (6) The biologic and physical 
half lives being the same owing to lack of 
excretion simplifies Ihe measurement of 
dosage received (7) The gamma radiation 
from this isotope is of low enough intensity 
that only small amounts of lead shielding arc 
necessary for personnel protection (8) Be 
cause of the gamma component of the spec 
trum calibration of the material is facilitated 
and losses due to spillage can be quantitated 
on sponges etc by means of conventional 
quartz fiber eltcirometers (9) External body 
measurements arc made possible because of 
this gamma component (10) There is a con 
siderablc latitude in the tolerance to dosage 
given by most routes employed 
Seventy eight patients with chronic myclog 
enous and lymphogenous leukemia have been 
treated Among the earlier cases inasmuch as 
there was no experience upon which to base 
the dosage many of the individuals were un 
doubicdly grossly undertreated m an attempt 
to be conservative In spile of this there were 
several remissions obulned with doses of as 
little as 10 me of gold In general however it 
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has been found that 50 to 60 me by \etn arc 
uniformly followed by good response to treat 
ment In one instance inadvertently a dose of 
100 me was administered which was followed 
bj a remission of 2 5 years This would sug 
gest that perhaps further studies at such higher 
dosage levels should bt made 19 I5J 

In a collaborative investigation between our 
laboratory and that of the Radioisotope Unit 
of the Nashville Veterans Administration Hos 
pital alternate use of gold and x ray therapy 
has been cirried out m a senes of 16 pa 
tients [15] Clinical and hematologic responses 
were similar in all instances However, in the 
case of gold therapy the incidence of radn 
tion sickness was negligible and patients who 
had two or three remissions by each form of 
therapy invariably expressed a preference for 
the single administration of the gold isotope 
method Complications encountered were sun 
liar m both instances e g , the development 
of hemorrhagic diathesis, gradually increasing 
lack of reduction of the spleen as the number 
of treatments increased and finally the rcla 
lively high incidence of terminal fulminating 
leukemia which is nonresponsive to therapy 
Our group has treated 35 patients with 
Hodgkin s disease by the intravenous adminis 
tration of radioactive colloids over the last 
10 year period most of them at the beginning 
of this therapeutic study There was no choice 
of patients as to whether it was a granuloma 
paragr inuloma or sarcoma In 7 patients there 
were dramatic responses However introduc 
tion of nitrogen mustard as a means of treat 
ment of this disease was at that time greeted 
so enthusiastically it was not felt justifiable to 
deprive the patient of what might be a better 
form of therapy It is now believed that gold 
in combination with chemoiherapeutics which 
are currently being used in the treatment of 
leukemias and Hodgkins disease should be 
studied [9] 

Intracavitary Instillation 
RADIOACTIVE GOLD 

About 80 per cent of the radioactive gold 
currently being produced at Oak Ridge (20 
curies per week) is being employed m the 
palliation of advanced tumors m which ab 
doramal ascites and pleural effusion are the 
chief concern In 3945 Muller reported the 
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successful suppression of abdominal ascitej 
following the administration of a shortlived 
Zn** isotope [30] In 1947 we demonstrated 
the localization of radioactive gold colloids w 
the peritoneal cavity following mtrapentonea! 
injection of this material [14] Since 1949 
Muller and many others have reported on the 
use of such gold colloids for suppression of 
fluid formation m both the pleural and pen 
loneal cavities The general consensus of all 
these reports would seem to be that from 50 
to RO per cent of patients treated have bene 
fitcd definitely 

The mechanism of the reaction is poorlv 
understood The normally ultramicroscopic 
colloidal gold particles following injection into 
the peritoneal cavity become condensed within 
t to 2 days into visible dothke particles in the 
cytoplasm of the macrophages These cells 
loaded with gold particles maintain thnr 
structural and functional infegnh and are 
probably mobilized toward the mesothelial 
surface of the serosa I8J In any case a fairl) 
uniform deposition on the serosal surface is 
obtained and frequency of tapping is usually 
markedly decreased and sometimes made un 
necessary for periods of 4 to 6 months or 
longer The commonly employed mtrapentO' 
neal dose is from 125 to 150 me and the intra 
pleural dose to one side is from 50 to 125 me 
An approximation of the beta dose to the sur 
face of the peritoneum has bei-n calculated y 
Chamberlain assuming a surface of 300 
sq cm as equal to 3 000 RADs per 100 me 
of gold injected Owing to the low half pain 
(0 4 mm) about 90 per cent of the ionization 
resulting from the beta particles occurs 
the first mm of exposed serosa Thus s 
reaction is a superficial one this would ex 
plain the lack of undesirable secondary ra la 
tion effects on the mucosa of the intestine an 
other viscera The amount of gold that o 
tains access to the circulation and thus u 
mately to the liver is very small and can e 
ignored As cited earlier the tolerance o * ® 
liver to irradiation is veiy considerable an la 
not remotely approached by use of go’ V 
this route 

RADIOACTIVE CHROMIC PHOSPHATE 

A number of investigators have studied the 
use of radioactive chromic phosphate as ^ 
developed by Jones Wrobel and Lyons as a 
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substitute for gold m the palliatisc therapy of 
(luid formation Such preparations are not 
trul) colloidal in nature but arc rather a sus 
pension of particles that tend to agglomerate 
upon contact ssith the peritoneal fluid and 
have a tcndcnc) to puddle tn the lower 
pentoneal cavit) There is also a significant 
degree of dissociation of the labile phos 
phorus which behaves like inorganic phos 
phate going into many tissues and excreted 
b) the urine Clinical studies arc promising 


expected to be a bone seeker Its clinical cf 
fcctisencss has not been established 

USE OF RADIOISOTOPES FOR TREATING 
BUDDER TUMORS 

Treatment of bladder tumors with radio 
isotopes has been actiicly investigalcd since 
1948 Hams and Freedman used solid sources 
placed at the center of rubber bags However 
It was found that a relativel) slight displace 
meni of such a source under operating con 



but hue not been adcquitclv evaluated for 
thiv material as vet The lonq half life and 
tack of a gamma t av rcnd«.nni. the isotope safe 
for clinical use are attraclions for its ust 

PADIOACTIVE mRIUM 
Annthcf isotope bcinq considered for mtra 
savitirs u'c is ^ Ahhouch administered as 
a chloride ii is said to l>cbive like a colloid 
Ibis michl evplain wliv it is claimed to Slav 
Uv-alircsi in the tt-u-'n of the sasitv of m 
jcsinvn inasniii h as ii ssiuld normalJv be 


diiions could increase the dose from one sidt 
of the bladder to as much as three times that 
received in the other This discs not occur 
when solutions arc used It has been demon 
siraied that gross distortion of the shape of 
the balUxsn docs not ctlccl distribution of the 
dose lo the surface as shown bj studies of 
Smilhers \\ allace Trofi Sinclair Mavneord 
and Uallon in I ncland who used ualulions of 
Sa' and Hr ' for such purpt»ses Thev pre 
felted a large sired ballixm to insure a closer 
ht lo the bladder ssall At the same lime 
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Muller was developing a similar method 
using radioactive cobalt m a small bag Re 
ccntly Ellis and Oliver showed that the bag 
could be dispensed w'lth by using colloidal 
gold introduced dircctlj into the bladder At 
the same time methods were being developed 
for the inti-rstitial implantation of radioactive 
sources such as Ta’ wire and Au'®’ grams 
encased m platinum For treatment with the 
bag technic or by direct instillation of radio- 
active fluids one must not expect more than 
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so later the isotope is instilled A bottle dram 
ing (he urine is monitored so that an imme 
diatc indication may be given should the bag 
burst The active solution is also colored to 
enable immediate detection by C)e as well as 
by counter The patient is properly sedated 
before the bladder is dilated In short term 
irradiation, about 800 me of Br is used aod 
m longer term irradiations about 250 me A 
tola! volume of about ISO ml is used to dis- 
tend the balloon Under such conditions about 



Fig 24-4 Position of bog in Br’ treolmont of toreinoma of the urinary bladder 


10 per cent of the total number of bladder 
tumors to be suitable for therapy Those most 
suitable are the ones with generalized tumor 
involvement of the bladder mucosa where 
there are multiple tumors or several tumors 
with large areas of intervening abnormal 
mucosa and in which there is no clinical 
radiologic or histologic evidence of spread of 
the neoplasm into the bladder muscle Using 
the bag technic Smithers Wallace, and Trott 
proceed roughly as follows The bag is m 
serted per urethram in the female patient and 
through permeal incision in the male The 
patient is returned to the ward and a day or 


0 3 me per ml will deliver a dose of the 
order of 2 000 RADs at the surface of the 
balloon in about 2 days 

In the work of Ellis and Oliver without a 
rubber bag using colloidal radioactive go 
It was found that preeipitation of the gold UJ 
the bladder wall did not occur in the longes 
penod 2 5 hours used in their investigahon 
(Figure 24 4) Here the bladder was 
drained and then using a protected syring^ 
300 me of the Au‘” colloid were injected anc 
retained in the bladder by means of a Fo e/ 
catheter 

Smithers et al have described in detail 
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useofTa’* wire which could be successfully 
threaded through certain types of bladder 
tumors and subsequently upon completion of 
the irradiation be withdrawn through the 
urethra thus not necessitating a second opera 
tion Thus no implant material remains per 
manently m the bladder as is the case in the 
use of radon or gold seeds both of which 
cause thichenmg of the bladder wall 

BETA RAY APPLICATORS 

Beta ray applicators have found use pri 
manly in the field of dermatology and oph 
thalmology Earlier types using radium were 
unsatisfactory because the concomitant gamma 
radiation made protection difficult Low Beer 
first used radioactive phosphorus by soaking 
blotting paper in a solution of sodium phos 
phatc’ and subsequently applying it to the 
tumor Such a flexible source lends itself to 
application to contours of the bod) in such 
conditions as basal cell carcinoma hyperktr 
aloses and hemangiomas Friedcll ind his col 
laboratofs prepared applicators containing 
Sr®® in equilibrium with Y®* Sinclair developed 
polyethylene sheets containing 20 per cent 
red phosphorus subsequently irradiated m a 
pile for two weeks m flat sheets from which 
wen. obtained dose rates of the order of I 000 
to 2 000 r per hour The dosimetry of such 
applicators has been described [27] Modifica 
lions of beta applicators have been widely 
used at the Royal Cancer Hospital in England 
m the treatment of diseases of the cornea and 
cpibulbar region Sr®" shells have been used 
more recently in place of the P’ buttons 
Lcdtrman and Sinclair report on their uses m 
corneal ulceration stubborn forms of keratitis 
Cornell vascularization limbil neoplasms and 
m spring catarrh 

ARTIFICIAL RADIOISOTOPES FOR 
GAMMA IRRADIATION 
Early in 1947 wc first used radioactive col 
loidal gold mtcrstilially in a patient with 
leukemia cutis whose lesions in the left pari 
eta? rccion of the head had not responded to 
intravenous administration of the isotope in 
spile of the fact that the hematologic picture 
was Well controlled by the latter therapy 
Alternate lesions were infiltrated with frac 
tional milhcurie doses of colloid such as to 


deliver an estimated 7 000 to 12 000 beta 
equivalent roentgens to each Within 2 weeks 
the irijected areas were flattened and deeply 
pigmented from the radiation [14] Subsc 
quently gold colloids were used m the breast 
prostate cervix bladder and stomach tumors 
[9] as well as in exploratory research being 
done in localization for brain tumor therapy 
(28) In most of these instances the material 
IS used in conjunction with surgery In the 
case of bladder tumors most of them do not 
call for irradiation of the entire mucosa and 
since the tumors usually consist of discrete 
masses sometimes only partially resectable 
we frequently have gold on hand on a standby 
basis during such operations Under such cir 
cumsiances it is rather commonly undertaken 
to infiltrate the nonresectablc portion of the 
tumor or the bed from which the tumor has 
been removed [36] Co*® and Ta** applicators 
have been used extensively as substitutes for 
radium and radon for gamma applicators by 
Myers in the Unittd States by Becker and 
Scheer m Germany and m the Royal Cancer 
Hospital (Figure 24 5) 

CANCER OF THE PROSTATE 
Our efforts to treat carcinoma of the pros 
tale by the transurethral or rectal approach in 
some thirty patients were not attended by any 
considerable degree of success The difficulty 
apparently lies m the inability to distribute the 
colloid uniformly by these approaches [16) 
However Flocks ^Ip Elkins and Fvans 
using the suprapubic route base employed the 
interstitial use of radioactive gold colloids in 
over four hundred cases By this approach it 
IS possible to expose the prostate the ]ym 
phatics about the rectum the regional lymph 
nodes seminal \csiclcs and adjacent lym 
phatics so that cither visualized or probable, 
tumor can be thoroughly infiltrated with a 
ndioactisc material If it is rcstctable the 
tumor IS removed and the adjacent area 
thoroughly infiltrated The layers of fascia 
about the prostate and seminal vesicles with 
their xcsscis and Ismphatjcs form a fascial 
compsrtmcnl aiding in holding the radio- 
actisc solution m the desired location Many 
tumors of the prostate arc exceedingly dense 
and hard thus rendermq advisable a syrincc 
that can be used under considerable pressure 



416 

These investigators use a sjrmgc ihit « also 
hcavil> shielded They administer approxi 
matcly 1 5 me of radioactive gold per Gm of 
involved tissue keeping the \olumc as low as 
possible usually under 12 ml m a prostate 
under 100 Gm m weight This might well 
mean that there would be 15 me per cc con 
centration of the isotope If loo large a 
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before retropubic exposure in order to fill 
unmvolved or slightly involved lymphatics 
with radioactive material (2) residual or re 
current nodules of carcinoma 2 months or 
more after retropubic injection (3) patients 
whose condition docs not warrant suprapubic 
exposure or obese patients where suprapubic 
exposure would be difilcull and probably 



fig 24 5 Radiograph of lanfolum wiro Implant fof 
cinoma of Iho urinary bloddor 


\olume IS used they found that the fascial 
compartments were disrupted and the ma 
terial spread beyond the desired area This 
produces possibility of rectal damage In our 
more recent use of gold in prostatic tumor 
therapy we have tended to go slightly higher 
to 2 me administered per Gm of tissue and 
have had suprismgly little difTiculty as regards 
complications 

Flocks and co w-orkers sometimes employ 
perineal injections under the following con 
ditions (1) as a preliminary injection 3 weeks 


nadequate, (4) ag'f'S refus 

;maU areas of carcinoma (5) mpaUe 
ng total prostectomy or other p, 3 rk 

ive administration of the material it b 
Idly reduced the number of 
rectal ulceration requiring a ortant 

Formation of calculi The mos^^ 
problem seems to be adequa e i 
the radioactive material jym 

plasm and along the fascial p ^ 

phatics where spread has , method 

Sme of material injected the site and met 
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of injection the size of the tumor and the sianmSt Louis and Kottmcier and Moberger 

presence of involved lymph nodes are all of in Stockholm have done considerable work 

great importance Surgical removal of as m the use of gold colloids m cervical carci 

much involved tissue as possible is absolutely noma The gold infiltration is directed toward 

essential This avoids late sloughing and cal the lateral pelvis A total volume of 35 ml is 

cuius formation and permits the use of smaller injected bilaterallj into the parametria (Fig 
doses and increased concentration of the dose urc 24 1 ) Total dosage ranges from 120 to 

in the remaining tissue 150 me depending upon the size of the 


Fg Planar nylon r bban implant with Av*'** tv*d> for lorg* i/lc«rol*d tarcinoma of the breotl 


CARCINOMA OF THE CERVIX 
AND VAGINA 

In carls 1947 wc attempted to treat car 
cinoma of the ctrsis and the sacma b) direct 
mfiliration wiih radioaclisc colloidal gold (14J 
TTic results were not cntircls satisfactory 
owtnc lo the ust of too small dosacss In one 
instance the (.aiihflosscr like consisicncy of 
the tumor mass wns such as not lo retain the 
«n\cctcd malcnal U was pointed out that such 
tissues as well as those that arc loo hichU 
sascular do not lend thcmscUcs lo infitira 
lion procedures with Ihis isotope Alien 
Vherman Solan Honcbreak and Ter Pogos 


paiicnt Gold therapy is accompanied by con 
>cmiona\ iniracavitarv radium and in some 
instances is followed by Wcrihcim hyslcrcc 
tomy and lymphadcncclomy Complications 
have been minimal there being occasionally a 
iransicnt mild nausea for I or 2 days No 
chances m the blood picture base been noted 
that were of sicnificancc The chief complica 
tion encountered m their patients as well as 
tn our own group has been pain UsualK 
discomfort is noted m the pelvis upper thichs 
and buttocks starling with ibe fourth or fifth 
das poshnjcciion This will usually base sub 
sided bs ihc second week Cartful studs of 
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the clinical results obtained tend to show a 
definite improvement over the results ob 
tamed with more conventional methods of 
therapy 

BRONCHOGENIC CARCINOMA 
A considerable amount of interest is at 
tached to the problem of the bronchogenic 
tumor External radiation measures arc ac 
companicd by unfortunate sequelae such as 
pleural adhesions parenchymal damage and 
radiation necrosis of the bronchus trachea 
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life of this isotope, the radiation has been 
dissipated in such a period of tune thjs 
obviating Us use for such treatment We found 
that silver colloids were promptly dramei 
However their production by a transmuta 
lion reaction on palladium is inclDcicnl and 
uneconomical, which would preclude tbeir 
widespread use m therapy Therefore gold 
colloids coated svuh silver have been devel 
oped [10, 11] which physiologically and 
chemically behave like silver and have the 
physical characteristics of the gold nuclide 



etc when adequate amounts of radiation to 
eliminate the tumor arc employed Pneumo 
nectomy is the treatment of choice but this 
unfortunately largely because of the laic 
diagnosis of this silent tumor has shown 
a 5 year cure rate of less than 5 per cent The 
major immediate problem involved is spread 
to the regional lymphatics chiefly the nodes 
of the mediastinum We have shown that 
when gold colloids arc instilled into the 
bronchus they are slowly taken up by the 
lymph nodes but as much as two weeks arc 
required for adequate drainage to afford ra 
diation concentrations that would be satis 
factonly high 1 10] Owing to the short half 


Administered by the route mentione 
arc frequently concentrated to severa 
sand times in the lymph nodes over 
residual concentrations in the lobe of t c u a 
originally treated Thus it becomes 
to subject the mediastinal and other t 
nodes to hundreds of thousands of equiva 
roentgens resulting frequently in their co 
plcte obliteration It is recognized that no 
that are grossly involved with tumor iss 
will probably not concentrate this 
the manner found m normal nodes u i 
assumed that such grossly involved no es 
be removed at time of pneumonec o y 
Microscopic tumor emboli however m>S 
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^\cll be expected to be adequately irradiated an intact lobe of the lung on the affected side 


and thus we feel that this approach offers a 
hopeful adjunct procedure to surgery in the 
treatment of this commonl) encountered tu 
mor More recently we have shown that fol 
lowing pncumonectom) when such silver 
coated gold colloids are directly injected into 
the empty hemithorax there is also a satis 
factory concentration of the radioactive ma 
terial in the thoracic lymph nodes [10 261 
Thus at the present time it is suggested that 
2 weeks preceding operation instillation into 


be undertaken Two weeks later in order to 
allow for proper uptake and irradiation of the 
lymphatics and to furnish protection to the 
operator pneumonectomy is performed 
Shortly following the operative procedure the 
empt) chest is injected to provide further 
irradiation to the lymphatics At the present 
writing wc have onl> such patients who have 
survived for 2 5 jears or less which is too 
earl) to evaluate the effectiveness of this pro 
cedurt. 
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radioactive phosphorus 

Na .jal ph"Kpho'us is compcK^d of hut a 
smt^e ISO cjw P ’ Of ihrev common rad v>- 
aclne t«o op*s onh P“ is sufficienlK long 
h\ed to be useful biolopcalh 

P s\-as first introduced into the treatment 
of l^ulcmia b\ LawTcnce Scott and Tuttle in 
1939 known radiosensitiMts of these tumors 
sucsested that “chemoradiation would be 
of salue Theoreticalh phosphorus is utilized 
proportiooaiels to rate of tissue growth Thus 
the more rapidls growing malignant cvIK 
accumulate more P than normal cells and 
recene a majonts of the radiation This is 
based upon the apparent!) \altd assumption 
that the artificial isotope possesses chemical 
properties identical to the natural ckment 
Tissue anal)ses b> tracer technics indicate a 
tcndenc) toward preferential concentration of 
phosphorus in cells of the rcticulo endothclul 
s)stem The capacity of tumors to take up 
phosphorus is vanabic and corresponds 
roughly to the efficacy of P^ therapy m iht 
type of tumor encountered 
P” can be obtained by neutron bombard 
ment of stable sulfur stable chlorine or 
natural phosphorus The last is rarely used 
because of the relatively low specific activity 
of the final preparation Oak Ridge Labora 
tones provide the carrier free isotope (t c 
every atom radioactive) produced by exposure 
of sulfur to the interior of an uranium pile 
It IS usually supplied as di hydrogen sodium 
phosphate m a hypotonic solution of about 
pH 2 0 Both the pH and the tonicity arc best 
adjusted prior to intravenous use although 
such IS unnecessary for the oral route Chem 
ical neutrality as indicated by phenol red 
may be obtained by dropwise addition of 10 
per cent sodium hydroxide and tonicity may 
be altered toward physiologic by dilution with 
normal saline Occasionally distilled water 
may contain sufficient calcium and magnesium 
as impurities to cause precipitation of the phos 
phorus According to the National Bureau of 


-~u\ S. r ~ ‘nI M tV \-v. 
o' CWl r'o'i- 

d?.sc~t In <orv wo V b t s 

?~_rcc *. t''e Mrec jn v •''en vVs 
Tb^ big^ -ictiv A\\h''' 

p^T*ii d 'ul on ns nS \'e \ tvUtwx 

co^ce^Tati 'm of 2 0 r v ps." ml III' m 
equals 7 mill sn disiniei.mK> is 'W \U 
has prvwvd tc* K op inumi ts'r tuo t th rn 
jv^utu ocvi' s'nv kftLrprwvssm^ stinli itioii 
b\ auiOs.la\x. IS indi itcvl it intriwiious «ss is 
coniimplited \Iihoiuh it i« dilhsuU tsi re> 
c\i\».r piths'Aniw biwlirn frv'm noiislinh^vl 
huhh raJioiviixe solutions i.aiwth of cvrtun 
fund IS supps'ritd 

Subsutnneous or inlrimus<.ul ir ndimiU'trn 
lion is contnimlis itcvl bcv uist of tin. i.\trviii». 
amount of irruiiition ncvivesl Iis.ilU diiniii. 
absorption ruhtr oral or iiilr iiiiunis rouiis 
nm K nssd In ilu foTiin.r stcnliMtion is 
unnccsssin md ihc prv'bltni ol liimlliii 
hot s\ringss is iioidcil hut rcliliwU 
gixitcr slosus nn rsquirvd btw line ot uii 
csriim nhsorption Tin. luttr nii\ Ik adiuvsl 
some h\ the solution wlicii tin. siotilKti 
IS cmpt\ iind tlKn witlihoKlini, food tor til 
kast two hours I oods coiit iinuii, nuisli till 
cium or phospliorus should Ik pirlkiiliiU 
uoidsd on the du of lulniinistriitloii Within 
6 diys after uikcstion of I*'* hy noriiuil siih 
jeets 2** to ^0 ptr cent is cxcrilid m iIk uiIik 
and ftcis III pitKiils who hi\u kiikimiii or 
polycyllKinii sera excretion is somcwiml less 
(20 to 25 per tent of the total dose) ( oin 
monly the circctiie dost is considered to he 
75 per cent of the total oral one Inltii 
vcnoiisly of course iihsorptioii Is HIO per 
cent but excretion may range from 5 (o 25 
per cent in pitienls with the nfoiemenlloiKil 
disciscs Ncirly ill such excretion Is hy the 
kidneys 

R idiophosphorus ( I"') emits iiioiukIiu* 
mitic ncgitivc electrons and it has a pliyskiil 
hilf life of 14 3 (I lys IIk pirlklts have ti 
maximum energy of 1 69 mev which provides 
n miximum tissue ninie of 7 miii In ptncriil, 
leukemias and lympliom is arc hcsl Ireiilcd hy 
frequent smiH doses while polyeythcmla vira 
responds best to a 1 irgc hiithil dose In llm 
former I to 2 5 me per week arc given iinlll 
d remission is obldned or until hone imfrow 
depression ncccssii iics dlstonlliiii dlon I'rc 
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quent blood counts including platelets must 
be done and these must be interpreted in the 
Jj^ht of the fact that P’ has a cumulative 
effect with a duration exceeding the specified 
one week interval In polycythemia vera the 
initial dose is usually 4 to 6 me although this 
may be adjusted upward or downward accord 
mg to the severity of the individual case If 
remission is not obtained within three months 
the origim! dose or fraction thereof may be 
repeated Individual variation is marked, hence 
some tnal and error is unavoidable 
In other than freshly standardized solutions 
dose calculations must allow for radioactive 
decay Since this is of exponential character, 
and Since very little contamination ts present, 
It Is. best done by plotting a decay curve 
(radioactivity as a function of time) on scmi 
logarithmic paper so that the mid point cor- 
responds to SO per cent decay in 14 3 days 
By this curve the original solution may be 
corrected when used on subsequent days 
Radiation dosage afforded by P’ can be 
calculated in equivalent roentgens according to 
the formula of Mannelli [17] Except for acn 
demic interest, this is usually unnecessary. 
Unless tracer work is being done m otherwise 
normal human beings for simplification, it 
has been shown by Tobias that 1 I /ic of P” 
distributed withm a tissue volume of I kg 
body weight would if all retained deliver 
about 3 REP (roentgen equivalent physical) 
total body irradiation in the first day The 
same dose would yield between 30 and 60 
REP total irradiation if less than 50 per cent 
were excreted Because of the affinity for 
reticulo endothelial tissues the majonty of 
energy is expended there 


Perhaps the prime indication for the use c 
P" at present IS polycythemia vtra Prolonge 
and consistent remissions have been observct 
Details of such use are given in another cha] 
ter The response of chronic myelogenoi 
leukemia to P® is m general good but it 
probably inferior to that obtained by Mye 
eran Reinhard ei al reported results in 3 
patients who were given frequent small dose 
Nearly all bad symptomatic as well as hems 
tologic improvement but splenomegaly di: 

appeared m only 10 It was the author in 
pression that life was not greatly prolongei 
Lawrence e/ o} [16J have reviewed the resrfi 


m 129 patients and have concluded that, 
although life was not significantly lengthened, 
morbidity was reduced In general P’ com 
pares favorably with x ray m the treatment 
of this disease 

‘ Neoplastic diseases of the lymphaiic sys- 
tem (i c lymphosarcoma chronic lymphatic 
leukemia, and giant follicular lymphoma) re 
spond to less consistently than polycjthc 
nua \cra and chronic myelogenous leukemia 
Dose requirements arc smaller and there is a 
greater tendency toward serious bone marrow 
depression A few hematologists have con 
sidcred abandoning P’ m these cases but m 
the authors’ opinions a sufficiently great nura 
ber of successes have been achieved to warraoi 
continued trial One must beware particularlv 
of protracted severe thrombocytopenia Often 
however lymphadcnopathy and splcnomegal/ 
regress with minimal change in the level of 
formed elements in the peripheral circulation 
X radiation undoubtedlv remains the treat 
ment of choice, but P* may be substituted 
with some success 

Hodgkins disease multiple myeloma ma 
lignant melanoma Ewings sarcoma mycosis 
fungoides and most carcinomas have all b«n 
subjected to P* with notable lack of benefit 
Carcinoma of the breast has been claimed^ 
respond but improvement is usually su 
jective and evanescent All forms of acute 
leukemia are essentially unaffected Reticulum 
cell sarcoma \iclds equivocal results 

There is no method by which an exa J 
appropriate dose of P* con be predetermine 
Response is individual and is not solely uy 
pendent upon calculations involving bony 
weight surface area etc Overdosage mam 
fests itself by the usual signs of radiation 
damage i e thrombocytopenia leukopenia 
and later anemia Bone marrow aplasia as 
seldom irreversible however, providing t s 
patient can be successfully supported 

RADIOACTIVE IODINE 

Stable lodme consists of but a single iso- 
tope P and although five radioactive i^ 
topes are known only two (I”” * 

possess physical characteristics suitable 
biologic use The lighter of these is not usual y 
employed cbnically because of its short phys* 
cal half life of 12 6 hours P” the on 
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utiliied most m biology, can be produced by 
deuteron bombardment of tellurium in the 
cyclotron Since 1946 bov.cvet the Atomic 
Energy Commission has made available car 
Tier free radvoiodme obtained from a nuclear 
reactor as a fission product of uranium Ship 
ments consist of sodium iodide m a 

dilute solution of sodium hydrogen sulfite 
(NaHSOj) having a pH of 11 Inasmuch as 
absorption from the gastrointestinal tract is 
uniform prompt and practically complete 
oral administration is favored by most users 
No processing of the original solution is 
required 

emits both beta and gamma radiations 
and has a physical half life of eight days The 
natural selectivity of the thyroid for lodmc 
has allowed radioiodine to be used uniquely in 
both tracer experiments and therapeutics 
Conversely however it is not used m the 
general treatment of neoplastic disease Bela 
particles provide local tissue irradiation and 
gamma emanations permit external detection 
and quantitation at the sites of deposition 
Experimental uses of radioiodmc are suf 
ficiently specialized to be considered m detail 
elsewhere In summary it may be said that 
diagnostic tests of thyroid function have been 
devised and that they utilize the rate and 
quantity of radioiodine transit through the 
thyroid gland Some observers emphasize the 
percentage of administered dose found m the 
thyroid gland at a given time [221 Others 
emphasize the ratio of protein bound to free 
radioiodine in the plasma at unit lime after 
administration [18] Which of these values 
corresponds most closely to the real clinical 
situation is conjecture In euthyroid states 10 
to 45 per cent of the administered E” will be 
fixed by the thyroid m 24 hours providing 
the test has not been preceded by iodine 
thyroid extract or antithyroid drug therapy 
The remainder of is excreted in the urine 
within 3 days Similarly 10 to 45 per cent of 
the radioiodine appearing in the plasma in 24 
hours Will presumably be protein conjugated 
if thyroid function is normal Tn either test 
values higher than the ranges quoted suggest 
increased thyroid function and values lower 
decreased function 

By Virtue of the natural aflinily of the 
thyroid for iodine and the beta emmatioos 


possessed by I”\ the latter is theoretically in 
ideal agent for treatment of hyperthyroidism 
Thn irreversible action of such therapy upon 
thyroid function and the ignorance of long 
term effects of irradiation, however compel 
discriminate use Pregnancy contraindicates 
use of particularly beyond the third 
month as then the fetal thyroid begins to 
accumulate iodine m ever increasing amounts 
Exposure of both mother and fetus to ionizing 
radiations should be kept minimal even before 
this lime Until the riddle of chronic radiation 
damage rs closer to solution other forms of 
treatment are perhaps wiser in the young 
hypcrthyroid mdividual Except for these two 
generalizations choice of therapy is an in 
dividual matter dependent upon the judgment 
of the therapist Many believe that nodular 
toxic goiters should be removed sur[,ically 
whereas diffuse toxic goiters may be treated 
m situ 

In selection of suitable candidates for radio 
todinc therapy it is wise not only to have 
btopsy evidence of the sort of tumor to be 
treated but also to have additional indication 
that such a tumor can metabolize iodine The 
latter may be ascertained either by external 
gamma radiation measurements over the tu 
mor or by estimates of the percentage of 
administered iodine excreted m the urine 
Commonly both methods are employed Ex 
temal survey of the body with a gamma 
sensitive device is of advantage in that hitherto 
unsuspected metastases may be detected 

Treatment of thyroid carcinoma must not 
be limited to radioiodine It is extremely \al 
uable but still an adjunct Well localized tu 
mors should be attacked in the most effective 
surgical manner, and one must not be lulled 
by the ciimcat indolence of the more highly 
differentiated types Radioactive iodine itself 
cannot he considered lightly Although rapid 
turnover allows large doses normal tissues 
occasionally display evidences of radiation 
injury Hemoglobin production, as measured 
by radioiron incorporation may be tempo 
ranly inhibited Hjpoplasticity of all bone 
marrow elements may be seen upon biopsy 
Afthough infrequent fatal aplastic anemia 
has occurred The powerful adjunct must be 
used With caution and judgment 
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RADIOACTIVE SODIUM 

Radioactive sodium (Na^‘) has not been 
used extensively m treatment of neoplastic 
diseases because of its short physical half life 
(14 8 hours) and because of handling difll 
cuUies resulting from its energetic beta and 
gamma emanations Rather cumbersome pro 
tective measures arc required Tracer amounts 
have been utilized for metabolic distribution 
and circulation studies but it is doubtful that 
these will ever become routine Therapeutic 
potentialities were first suggested by Hamilton 
and Stone m 1937 and these were expanded 
by Thygesen Videbocek and Villaume in 
1944 Extensive clinical trials were reported 
bv Evans ct al in 1948 Radiosodium was 
administered orally as the chloride Absorp 
tion was prompt and complete distribution 
was general and excretion during the periods 
of observation was less than 10 per cent 
Results of treatment were considered to be 
satisfactory in chronic myelogenous leukemia 
chronic lymphatic leukemia and polycythemia 
vera Doses varied from 2 me per week to 
40 me per month and they depended largely 
upon the individual response Inasmuch as 
selective uptake could not be demonstrated 
effective action was attributed to whole body 
irradiation It was concluded that Na ‘ yielded 
results comparable to but no better than 
other forms of radiation therapy 

A second isotope Na is available for 
tracer studies but its long physical half life 
of 2 6 years prevents its use as a practical 
therapeutic agent 


RADIOACTIVE GOLD 

In searching for a radioactive isotope pos 
sessmg suitable physical charactenslics yet 
existmg in colloidal form attention was di 
reefed toward gold Two such isotopes Au^” 
and Au’” existed Even though they were 
similar physically ease of production favored 
the former Au«* emits both beta particles and 
gamma rays and its physical half life is 2 7 
days 

Colloidal suspenaons of Au'” have been 
admimslered intravenously m therapy of 
chrome leukemia [3] Improvement generally 
fol owed and remissions could be obtainetT 
but there was little evident advantage over 
more readily available agents Rad.ogold has 


Clinical Application of Radioactive Isotope) 
nlso been used in treatment of serous effusions 
secondary to malignant tumors [2) Introduc 
tion of the Isotope into the afflicted serous 
cavity frequently resulted in temporary cessa 
lion of fiuid production hence comfort to the 
patient Dosage schedules and injection tech 
nics have varied according to the judement 
of individual therapists Generally amounts 
between 60 and 150 me arc employed Re 
sponscs arc inconsistent Past experience has 
indicated that best results arc obtained in car 
emoma of the ovary with peritoneal implant> 
and ascites 

Radiogold has also been utilized for direct 
injection into tumor tissue [11] By virtue of 
Its colloidal properties gold is fixed m tissue» 
at the site of injection so that very little enten 
the general circulation Neoplastic masses caa 
thus be subjected to calculated amounts of ir 
radiation by interstitial application Sack 
therapy has been satisfactorily applied to car 
cinoma of the prostate f9J cervix [21] 
breast It has the advantage of delivcnng a 
maximum amount of radiation to the tumor 
and a minimum amount to skin bowel and 
other adjacent normal tissues 

RADIOACTIVE ARSENIC 
Successful empirical use of arsea*c in 
leukemia for nearly 100 years led to the idea 
that radioactive arsenic might be better 
Arsenic * could be readily produced la ® 
nuclear reactor by the Szilard Chalmers r^ 
action m which a stable oigaruo arsenic 
compound (cacodylic acid) is irradiated "it 
final recovery of the desired isotope Physica 
half life is 26 8 hours and ladiatioos include 
positrons beta particles and \ery energe c 
gamma rays General use is obviously uu 
practical Metabolic studies [61 on vanous 
organisms including man have shoivn mcon 
sistent species differences m excretion an 
tissue localization of arsenic For therapeu c 
purposes it may be considered that there i 
no selective uptake and that any ^ 

due to total body irradiation It has c® 
estimated that 1 me of As ® yields 
mately one equivalent roentgen total o ; 
radiation Initially patients were given m r 
venously 0 5 to 2 0 me As products of 8'^®® 
specific activity became available doses w 
increased to 65 and even 100 me Becau^ 
stable arsenic content was only 3 to 10 
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loided nt the same lime They arc then car 
ned in a lead container to the Department of 
Radiology 

Figure 26A 1 demonstrates the cutting and 
calibration arrangement The Au'"’ wire, cn 
eased m the inactisc outer gold luhmg is fatten 
from the storage contuncr and inserted into 
the central bore of a lead shield From this 
lead shield the encased Au**' wire can be ex 
truded to a length that may he adjusted by a 
micrometer from 2 to 40 mm An Au*** of 


Clinical Application of Radioactive Isolopn 
For conversion of radon tables the foUou 
mg relations may be used 

5 me of Au”' = 1 me of radon and 
1 me of Au’®’ = 0 2 me of radon * 

CLINICAL USES 

Two hundred and eight patients were treated 
With this type of gamma ray source between 
October I, 1952, and June 30 1954 No ap- 
preciable dilTcrcnccs have been noted dime 
ally in the reactions to therapy with Au*®* m 



Fig 2dA 1 Au'** ie«<I cutter A Central bore through whith Aii*®’ i* 
extruded 8 Cal brated handle to odvance the wire the detired length 
C Cutting merhanitm by forcibly pvthing on the orm ottoched to the cutter 
ihearing action U brought on the wire D Plait e confa ner for leedi 
f Survey meter 


this length is then cut oft by pushing down 
the handle 

Calculation of the dose in roentgens was 
mainly based on the Quimby or the Paterson 
Parker tables One me of Au'” during total 
decay delivers 2 4 rhem x 93 (average life m 
hours) = 223 r at 1 cm distance Conversion 
of the Quimby or Paterson Parker tables for 
use with Au'®^ may therefore be earned out 
on the basis of the relations 

1 me Au'®® for total decay = 27 mgh radium 
and 

1 mgh radium = 0 038 me Au'” 


comparison with Co*® radium and radon 
Whether Au'®* seeds should be use i 
preference to needles or nylon appl'W 
containing Co«® or radium will depend large 7 
on the clinical situation For examp « 
tumors of the bladder or the 
tract the permanent implantation of 
eeds will often be preferable to the use 
needles that must be removed ^ 

because of the long lived gamma ray emi 

This factor results from the 
flEurea for the total do e delivered at jj 

1 me of radon the total dose dellverea 

133 (aNerage life In hours) x 8 i < life I” 
lor 1 me of Autss the fl^ure Is 
hoots) X 4{rhcm/mc)= 23 r 3/111 
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Thft Tceatmcnf of Cancer ^\ith Small Sources of Radioadive Gold 

TABLE 26A 1 —Methods of Appucation aM) Types of Tumors 
Method of appltcaiton 


Sidi^ber 


7')fe of Tumor 

patients 

Mold 

Head and necL 

86 

5 

Urinary tract 

29 

1 

Female genitals 

2-v 

3 

Skin 

17 

2 

Hemangiomas 

16 

- 

Breast 

18 

— 

GastrointesUnal 

14 

- 

Others 

4 

i 

All tumors 

208 

12 


they contain Important uses for Au”* seeds 
w\U also be found vn those practices where 
manj patients have to be treated on an out 
patient basis because of the pauevt) of hos 
pital beds 

InTable26A 1 are shown the principal dm 
ical categories of application m the first 208 
patients classified according to the four 
methods by which the sources were 

used (I) molds (2) intracavitary applicators 
(3) permanent implants and (4) removable 
nylon implants Figures 26A 2 and 26A 3 
demonstrate patients m whom radioactive gold 
was utilized 

Radiogotd Seeds in Molds 

The long lived radioisotopes such as Co'® 
or radium are the usual choice for molds be 



fg 36A2 I troerol mold «> th Au' * % r«« e d 
bw ti4n p oi*tt ¥• Uad ib «ld tomb n*d w th o ptt 
man# I Implant uud fo 1 *o1m«ftl ol o iquanovt-<«lt 
tott ama el the faa al iV.% mavth In a fltryeor-eU 
an an ombulalanr bat l (f am HtnithSe Jamet 
end M]r«ri |3] riei^r Rod clog/ ) 


/ntracfliiM/y 

a;>j>ficafor 

Permanent 

intpfaitl 

Remoxable 

nj/on 

3 

35 

43 

3 

19 

6 

7 

10 

4 


10 

5 

_ 

2 

14 


8 

10 

3 

10 

1 

- 

2 

I 

16 

96 

84 


cause no extra expense or labor is required jn 
preparing these radioactive substances if the) 
arc available m the hospital However molds 
contaimng Au’®* sometimes offer advantages 
over other gamma ray emitters because 

1 Hospitalization or repeated visits of the 
patient arc not necessary 

2 Adjacent radiosensitive tissues can be 
protected effectively with lead shields 

3 Recovery of the radioactive substances 
from the molds is not required 

Rodiogold Seeds m Intracavitary 

Applicators 

Co'® or radium is the usual choice for 
mincavitary applicators However Au’” oc 
CTSionally may offer advantages over other 
gamma ray emitters because 



f e 2^AO Nflon Impltfnf w ih Au^ ® inydi uind foe 
tr«otmnrtt ef o fbrotarcomo In right iirprocla culor 
r«g«n Thtr* <i u le m lood g ef >h« nylon oppi 
coton in e forty two-yoer-old (oiBoln for o dot* of 
6000 r with romorloblc <1 n tal impro •moni (From 
Ho kASo Jomoi oftd Myo » 13| courfoiy Redelogy) 
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1 Smaller tubes can be used than with 
radium 

2 Adjacent radiosensitive tissues can be 
protected efTectively by a lead shield 

Radiogold (Au^®*) Seeds m Permanent 
Implants 

For permanent implants only shortlived 
radioisotopes such as Au'®’ or radon can be 
used Au'®^ seeds for permanent implants have 
the practical advantage over radon seeds that 
seeds of uniform strength can be prepared 
immediately whenever the need for them 
arises This possibility was very valuable m 
7 patients when a nonrescctable tumor was 
encountered unexpectedly at surgery Usually 
the cutter in these cases was taken to the 
operating room and the seeds were cut and 
calibrated within a few minutes Advantage 
of the quicker preparation of Au**® seeds has 
also been taken m patients who were referred 
for consultation to the tumor conference and 
who were then implanted immediately follow 
mg the recommendation of the conference In 
this way consultation and treatment were 
carried out in a single visit within a few hours 
With present implantation technics the pat 
terns of seed distribution in permanent im 
plants are not as accurate as they arc m re 
movable nylon or needle applicator implants 
For this reason permanent implants are pre 
ferred over removable implants only if 

1 Removable implants are difTicuH to carry 
out 

2 Only short term palliation can be ex 
pected 

Use of permanent implants Vrhen remo\able 
implants are difficult is most frequently carried 
out m intraabdominal tumors This is espe 
cially indicated in tumors in the depth of the 
pelvis such as carcinomas of the bladder and 
of the prostate Furthermore for abdominal 
tumors a removable nylon implant cannot be 
accurately prepared in advance because the 
shape and extent of the tumor are usually un 
certain Finally in the abdomen removal of 
an implant is more hazardous because occa 
sionally the withdrawal of needles or nylon 
applicators may cause bleeding 


Cllnlcnl Application of Radioadlre Isotopn 
Use of permanent implants ^hen only pal 
hatlon can be expected often appears prefer 
able to a removable implant because do 
preparation is required local anesthesia is 
often sufTicicnt implantation is more quickly 
earned out no supervision of the patient dur 
ing the implantation period is required and 
removal is not necessary 

Although there his been considerable ex 
penence with permanent implants with radon 
seeds here it is very difGcult to evaluate a 
possible difTcrencc m the therapeutic eff ct 
between Au”* seeds and radon seeds im 
planted permanently, because the vanauoa in 
pattern is so great and because the accuracy 
of implantation is the decisive factor Appreci 
able differences due to the choice between 
Au'” and radon seeds have not been observed 
clinically 


RodiOBoW (Au"”) Seeds in Removoble 
Nylon Implants 

In discussing the nylon technic it must be 
pointed out that the preparation of 
applicators requires time and skill Further 
more the techmc of preparing nylon apph 
cators to carry Au'®' seeds is still in the 
velopmental stage It is possible to use ny 
tubing m a manner similar to that d®''**^* 
for the use of small cylinders containing 
by separalmg Ihe Au- seeds wth alnron^ 
spacers 19 II] However since the goW see 
have almost twice the diameter of t e 
cylinders nylon tubing with 
diameter must be used for Au'*® seeds 
larger nylon tubing lacks the flexibility o 
nylon tubing of smaller diameter 
Co*" In order to overcome this diffic ty 
a flat very flexible nylon ribbon has 
developed in which the seeds are fir y 
without spacers This ribbon is evM 
flexible than the nylon tube used for Co 

Nylon implants are preferred over n 
for removable implants because they pr 
for (1) more accurate to 

better individualization (3) more com 
the patient and (4) decreased expos 
the operating personnel 




Ail 

multiplyjng nigRncq wah a factor of I 5 
For dose calciihtions the same tables and 
curves as for radium sources can be used 
since the dose distribution up to 5 cm from 
an Ir*" source in tissue is more or less similar 
to n corresponding r idiiim source It is prefer 
able that the dose rates from Ir'" be measured 
directly with a small scintillation cryslil or a 
small Geiger counter 

CLINICAL USES OF RADIOACTIVE 
IRIDIUM 

From July I 1954 to June 30 195? 253 
patients have been treated with the small Ir’** 
sources directly by us and about 29,000 Ir” 
sources have been supplied to personnel of 
other hospitils w'ho have cooperated in the in 
vestigation of this ndntion source 


Clinical Application of Radioactive Isotopes 
/r*®’ in Removable Implonfs 
Through the use of Ir” sources the nylon 
implantation technic is becoming available to 
many hospitals With the Ir‘® sources pre 
loaded m nylon tubes by the commercial sup- 
plier there IS no need for any special servite 
m the hospital The handling is simpler and 
safer than with radium and radon and the 
container with the loaded tubes can be kept 
Sterile in a bag and ready for use at any ame 
hcvcral modifications of the basic nylon 
implantation technic have been de>eIop d that 
permit Its use in tumors in any location Thus 
it has become the only technic used for re 
movable implants m our practice ^Vhiie most 
nylon implants are left in place for about one 
week some implants have been left m posi 
non for several weeks 


Sources in Molds 

Ir'* sources are preferred for molds and 
other surface applicators over radon and Au'” 
because they are more readily available due to 
the longer half life and because they arc less 
expensive They are preferred over radium 
and Co"® because they are inexpensive enough 
to be disposed of with the mold, because pro 
lection during the preparation and the (rans 
portation of the mold is easier and because 
effective lead shields can be incorporated 

Ir'® in Intracavifary Applicators 
In many intracavitary applications the 
smaller diameter of the Ir‘® sources com 
pared with radium radon Co®" and Au’”, is 
an advantage One can place an unloaded tube 
with a central wire in a cavity eg m the 
esophagus urinary bliidder urethra or rec 
turn check the position roentgenographically 
then remove the wire and finally replace the 
wire quickly and accurately with a small 
nylon tube loaded with the Ir” sources In 
urmary bladder applications drainage of urine 
IS no problem since the small nylon tube does 
not obstruct the lumen of the catheter Ir” 
sources are usually not removed from intra 
cavitary applicators but are simply disposed of 
with the applicators after use Ibis fanlitatgs 
the use of the sources m a number of appUca 
tions eg m small plasciu balls for the pack 
mg technic and m intracavitary applicators 
made from dental compound 


In Permanenl Implants 
If” sources ofTer mtngoing possibditiw for 
cancer therapy in the form of permanent im 
plants In this application half of the total we 
1 $ delivered m about ten weeks Such contmu 
ous tong time irradiation has not been 
with X ray therapy or with radium or ra 
On the basis of tadiobtologic 
of experiences with protracted x ray 
It appears that long time continuous low m 
sity irradiation with permanently 
Ir‘» sources will offer an effective form 


cancer irradiation 

Permanent implantation of the long hau w 
Ir’* sources offers the following impo 
advantages over permanent implantation 
taUon or Au*« sources (1) Ir*- “ 

suitable strength can be stored for a pro ^ 
period (approximately one month) k ) 
the gamma activity of the Ir^® 
time of implantation can be about t T 
times less for the same total dose jj 

operatmg room and nursing personne is 
lower and larger volumes can be sateiy 
planted (3) Ir^® is cheaper . 

Compared with other isotopes sugg 
for permanent implantation ^radioac ,,, 

talumCTa^" half life 118 days S 5 

and radioactive chromium (Cr” a tg 

days Myers 1956)— the Ir« sources c 
produced more economically 
final choice of a radioisotope for perm 
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implantation will depend on careful clinical 
Studies of the therapeutic effectiveness 
As outlined in the precedmg chapter per 
manent implants with radioisotopes have defi 
nite advantages especial!} for intrathoracic 
and intraabdominal neoplasms and for pal 
liame treatment With the usual implantation 


back into the tissue In the second method 
unloaded hollow needles 15 cm long are first 
placed in and around the tumor The im 
planted volume is determined bv raeasunng 
with a ruler the separation of the needles and 
their outside length The number of sources 
for the desired tumor dose is now figured 




Fig 36a-l Techn c for p^rmonent implonlal on of rod oisolopa leedt (Upper) 
Unloaded helloi* needlei are (iret placed in and orognd the tumor (lower) Next 
o ipeciol inttrument «r th depth gau^e it oHoched to eoch needle in turn W th t 
the deti ed number of rodioiotepe soureet ore introduced one after another 
through each needle and properly spaced in the tnve 


methods for radon and Au”’ sources how 
c\cr a satisfactor) distribution m a permanent 
implant is rarely accomplished In an effort to 
improve ihc accuracy of permanent implanta 
(ion two methods have been developed In the 
first the same nylon tubes with Ir*® arc used 
as for removable implants Essentially the 
same implantation technics are employed but 
at the end the nylon tubes are cut where ihc\ 
come to the surface and arc allowed to slip 


Next a special instrument with depth gauge is 
attached to each needle m turn With it the 
dcsiri.d number of radioisotope sources is m 
troduced and properly spaced m the tissue 
This implantation technic together with the 
use of Ir*’ sources has made it possible to 
implant large volumes with reason iblc speed 
md accuraev Hie method has been used up 
to June 30 19^7 in 58 patients most of them 
with nonrcscciable intrathoracic and intra 
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Fig 3^6 2 ExampU of o pormonont tmploni with Ir** lourcfi 
A fody-«tghl y«ar old wonwifl v4lh contor of 1h* eomx which 
hod r«eurrad oFter hyiUroclomy and a ray tharapy ond cauied 
tcvera patn and iwatting of (ho right lag and rnerhad right 
hydronaphrotli at ihown by radlogrophle axamtnatlon Eaplora 
tien thowad nonrataelobta tumor mottai and 76 tr^* tevrcal 
wart parmanantly Imptantad through 20 naadtai Tha patiant 
bacama fraa of lymptom* within ©na month end tha hydro- 
naphroift diiappaorad 

abdominal tumors No serious side reactions laming uniform irradiation regardless 

have been observed and good tumor regres characlenstics of the radioacuve isotope 

Sion has been the rule Much more etpenence The injection of a liquid 

is of course required before permanent im such ns radioactive gold or chromic pnosp 

plantation with Ir” sources can be evaluated offers an extrcmcl) poof method of o m 
and It IS too early to recommend this tcchnic uniform dosage _ 

for general use On the basis of our prelimi The tcchnic dcvelpcd by Dr Josep 
nary experience this tcchnic shows promise berg and his associates 
of becoming an effective approach in dealing 90 within tissue soluble plastic 
with most nonresectable cancers that have not (methyl cellulose) The methyl ce 
metastasized widely absorbed leaving a fine hne ir disposi 

the radioactive yttrium wiJiin the 
EDITORIAL NOTE Uss^e This technic offers another 

The careful distribution of the radiation obtaining uniform dosage of interstitia ra 

sources withm the tumor as developed by tion sources [1] 

Doctor Henschke is most important m ob 
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The Clinical Application of Small Sources of 
Radioactive Cobalt 

Joseph L Morton 
and 

George VJ Caf/endme, Jr 

Radioactive isotopes can be used in the by beta emission accompanied by 2 gamma 

treatment of cancer either as substitutes for rays in cascade The beta particles have a 

radium and/or radon or m technics that are maximum energy of 0 3 mev while the two 

superior to those with radium photons have energies of 1 17 mev and 1 33 

Of the available radioactive isotopes radio mev 
active Co*® may serve as a replacement for As m the case of radium the desirable 



Fig 27 1 Production and decoy o( A neutron it captured by a 

Co ^ (ttoble inert cobalt) nucteuf form ng a rodtoecl ve Co'** nucleut The 
radioactive Co ^ nucleus decays into Ni^ with the emisiion of a 0 3 mev 
beta particle Almcsl simultaneously with Its formal on the Ni^'’ nucleus 
em ti 2 gamma rays with cnerges of 1 17 mev and t 33 mev These are 
the gamma rays used for Irealmeni of mat gnant tumors w th Co*‘'^ 

radium Natural cobalt (Co ’) is a metal portion of the radiations from Co®* for thcra 

similar m many respects to iron It may be pcutic applications is the gamma rays Thi, 

alloyed with other metals drawn into wire or relatively weak beta particles are much easier 

machines and the cobalt itself is magnetic to filter out than are those beta particles from 
Co*® IS made convcnicntl) m nuckar reactors radium in equilibrium with its decay products 

from the preformed natural cobalt by the The maximum range in tissue of the Co*® 

process whereby Co ’ captures a neutron The beta particles is 0 8 mm and the maximum 

equation for this reaction is Co“* + n = Co*® range m stainless steel is 0 1 mm Therefore 

Cobalt ® decays with a half life of 5 25 years the beta particles cm be filtered out with thin 
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lajers of low scattering material 
The absorption coefficients for both types 
of gamma rays of Co®® arc similar in bone 
They are also similar in the soft tissue For 
practical purposes the radiations are con 
sidered monoenergic (monochromatic m 


Clinical Application of Radioactive Isotopes 
source alloy is a hard chemically resistant 
(Stainless) alloy manufactured by the Haynes 
StcUite Company of Kokomo, Indiana This 
alloy (Haynes No 25) is approximately 50 
per cent cobalt and the allo)ing components 
'irc chromium tungsten nickel manganese, 



Fig 27 2 Decay o| Co*® Ca** decoys wini o tiolf tie of 525 
years Thu must be accounted for m the calculotions of dosages 
The simplest method for delerminotton of the activity at any 
time IS by use of o decoy curve os shown The activity of the 
source at the time of it* vol brotion i* recorded on a sheet of 
semilogarithinic graph poper (plotting activity vs lime) At o time 
5 25 years (63 months) later another point is recorded on the 
graph paper such thot the activity is 50 per cent of the initial 
or calibrated activity A straight I ri« is drown between these two 
points Any point on this I **« gives the value of the octiv ty at 
the corresponding time 


wavelength) and the possibility of hetcro 
gcneovis irradiation — ^with the associated tn 
creased absorption for lower energy com 
ponenls — is ehmuiated 

Because of the tendency of the cobalt metal 
to be chemically active under continued han 
dlmg it is desirable to alloy the cobalt so 
that inert chemical properties result The 


(Ott silicon with traces of carbon phos 
ohotus and sulphur Nous of these alloying 
romponents is present m sufficient quantities 
ar has sufficiently large neutron cross sections 

0 produce any important heterogeneous radia 
:ions and so the irradiated alloy is effective y 

1 Co*® source . 

After the sources are preformed as desire , 
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they are nickel plated either before or after 
irradiation in the reactor by a chemical de 
position process (called the KANIGEN proc 
ess) developed by the Kanigen Division of 
the General American Transportation Cor 
poration "nns remarkably chemical resistant 
and nonporous nickel sheath is then over 
plated with chromium for abrasion resistance 
Thus one has a chemically resistant cobalt 


90 times as massive as the smaller ones but 
are only one third as active making a differ 
cnce in specific activity of 270 Greater ranges 
of specific activity can be achieved if desired 
This makes Co^° an extremely versatile source 
The sire of the sources is dictated by the 
use to be made of them For large cavitary 
applications sources may be m the form of 
beads several millimeters in diameter For 



fig 37*3 C«librali«n of Sourc«» Th« sour<e Ift be tolibroled (A) ii 
peiitiened so that it tt ol UosI 1 meter away from the neorest scattering 
matenal This eon b« accomplished by svspendirsg the source by o fine 
thread (C) The center of the chamber of ots eleciroseope (6) is positioned 
exactly 1 meter from the center of the source The chamber should olso be 
at UosI 1 meter from any scattering materiol 

The electroscope hoi been previously <ol broled so that iti discharge 
reto IS known m mill roentgens per hour This con be accomplished by 
using a known source of radium a colibraled source of Co*° or by hoving 
the electroscope colibraled by the Hationel aureou of Siondords or by a 
quolifled physicist 

The rote of the discharge of the electroscope In imlliroentgens per hour 
IS determined for this geometry The source is then removed from the vicinity 
ond the role of discharge of lh« electroscope again determined (tins ii 
the background role) This bockground rote is subirocted from the pre 
viously secured rote to determine the net rote of d ichorge due to the 
source of octivity The units of this rote are mrhm (milliroentgens per hour 
ot 1 meter) For the medical viewpoint it is desirobte to convert to 
roentgens per hour ol 1 cm 

Conversion to rhcm (roentgens per hour at I cm) u corned out by 
simply multiplying the mrhm volue by Tt> ActuoHy one multiplies by TO 000 
(100 cm)* and divides by 1000 (number of milliroentgeni per roentgen) 
but the net result n to mult ply by 10 The value of the octivity in 
them Is the working unit far theropy calculations 


base plus a very reststanl mckcl sbeath and 
the final protection of chromium 
The specific activity — amount of actmtj 
per gram of material — can be Saned almost 
at will with Co*’ simply bj securing dificrcnt 
neutron irradiation times in the nuclear re 
actor For example small cylinders of cobalt 
of 0 1 cm diameter by 0 I cm long base 
been irradiated to a strength of more than 
150 rhcm The same center possesses cylinders 
of 0 3 cm diameter by I 0 cm and of strength 
onlv about 50 rhcm The hrge cylinders arc 


rigid needles similar to radium needles 
sources may be lengths of wire of diameters 
as small as 0 2 mm For use in flexible tubes 
individual sources 0 7 mm m diameter by 
3 0 mm long are used 

DOSAGE MEASUREMENT 
Sources received from Oak Ridge directly 
are uncahbrated Calibration is therefore nec 
cssarj upon receipt and can be accomplished 
bv sending a sample source to the National 
Bureau of Standards by having a competent 
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Fig 27*4 Paterson and Parker mold therapy groph converted for Co‘° The 
graphs os erigtnolly presented define Ihe amounts ot rodium to be used lor various 
oreos and treating distoncei These charts hove been converted by changing the unit 
of source strength from mg to rhcm (from Ihe relotion 1 mg rodium corresponds to 8 4 
rhcm when filtered with 0 5 mm ft) This surface mold graph Is used in a fashion 
similar to the original and all distribution rules set up by Polersen end Porker must 
still be obterved 


physicist come m to calibrate the sources or 
by performing the calibration oneself A 
simple and satisfactory method is to place a 
quartz fiber electroscope a distance of I ra 
from the source to be measured (in the ab 


scnce of other radioactivity) and note the 
discharge rate As the working unit for therapy 
IS the roentgen the discharge rate of the 
electroscope is calibrated m milliroentgens 
per hour The source strength is thus estab 
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Fig 27 5 Poterian end Parker planar implont groph 
converted for Co® This graph wos constructed in a 
fashion similar to that in Figure 27~* The graph is 
used in eon|unetion vrith the theory developed by 
Poteison end Parker 



rhem-b fTi It^OQn 


Fig 27-6 Paterson and 
converted for Co®® This 
a fashion similar to that 
used in cen|unction with 
Paterson ond Parker 


Parker volume Implant groph 
, graph wos constructed *" 

in Figure 27 4 It I» 

I the theory developed by 
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lished m milliroentgens per hour at a distance 
of 1 m and the abbreviation for this unit is 
mrhm This unit is then arithmetically con 
verted to one that describes the dose rate 1 cm 
from the source (assuming a point source) 
The converted unit is the rhem (roentgens 
per hour at a distance of I cm from a point 
source) The rhem is the working unit of 
source strength For therapy it is much more 
meaningful and practical than the millicune 
which defines the rate of disintegration 
Because of the half life of 5 25 years for 
the Co®°, the continual decay of the sources 
must be taken into consideration The easiest 
method of observing this decay is a graphic 
one m which the activity is plotted as a 
straight line function of time on semiloganth 
mic graph paper such that a time interval 
of 5 25 years (63 months) results m a reduc 
tion m intensity of one half 

Recalculations have been made for Pater 
son Parker dosage tables These tables express 
the dose m rhem hours per 1 000 roentgens 
instead of mg hottrs per I 000 roentgens so 
It IS obvious that the only change made is in 
the unit of source strength When it is realized 
that rhem is a more universally applicable 
unit of measure than mg or me then Ihu 
rhem will be used by the therapist to describe 
radiation from any source whether it be 
radium radon Co*° Au“’ or an x ray tube 
For anj simple application the dose expected 
a diflerent points can easil) be approximated 
by dividing the activity m rhem by the square 
of the distance of the point from the activity 
This IS a simple inverse square law calculation 

ISODOSE APPLICATIONS 

The Paterson Parker schedules were calcu 
latcd on the theoretic basis of radioactive 
fluids Simplifying approximations were then 
made to facilitate the use of radium needles 
at a time when no other radioactive material 
was available With the advent of other radio 
isotopes (Co''* Au’” Ir‘’ ) many of these 
approximations arc no longer necessary It is 
possible through the use of multiple small 
sources of radioactive fluids more nearly to 
approximate the original ideal of radioactive 
fluid Therefore multiple small sources should 
give more satisfactory radiation patterns 
In practice a type of grid therapy results 


from the use of small sources Regions of 
sharp local overdose occur in the immediate 
vicinity of the sources and these are kept 
isolated from each other by the placement of 
sources In general each source is between 
0 6 cm and 1 0 cm from adjacent sources 
Successes in large volumes can only be ac 
counted for by some grid effect not unlike that 
of the massive overdosage with grid x ray 
therapy and to the use of as little metal m the 
tissues as possible for there js a definite 
chmcally recognizable erythema about wire 
retaining sutures metal buttons m contact with 
the skin etc 

The small individual sources of Co*® and the 
wide range of specific activities available per 
mit extensive flexibility of application Not only 
can the Paterson Parker theories be more 
closely approximated for the relatively simple 
configurations with which they deal but any 
complex configuration (dumbbells wedges 
etc ) can be irradiated uniformly simply by 
proper positioning of the sources The dose 
time relationship also can be varied at will for 
any given configuration of needles or tubes 
containing activity 

ENCAPSULATION 

The technics of encapsulation of the sources 
are unlimited All the technics employed with 
radium may be utilized In addition many 
others may be added because of the physical 
nature of the sources (metal wire or pieces) 
Rigid needles may be made by encapsulating 
the Co®* in stainless steel semirigid needles m 
soft stainless steel alloys or hard aluminum 
alloys and flexible linear sources or threads 
m nylon tubing 

CLINICAL APPLICATIONS OF 
RADIOACTIVE COBALT 

Intracavitary 

BLADDER 

Existing technics utilizing small sources of 
radioactivity at the center of catheters may be 
extended wiih the aid of Co*® For irradiating 
the entire wall surface of the bladder a Foky 
catheter is inserted into the bladder and the 
balloon inflated A very small high specific 
activity Co*® cylinder (0 1 x 0 I cm 150 
rhem) or group of cylinders is positioned m a 
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F19 27 7A Small cylindrical taurcei fotiiiiot* uAtform dote disffibutiont whera (aeohan «l 
tumor ofTordi only limited a««ti An advantogo oF the imallnMt oF tho cylindrical 
taurcet of C«^ (0 OS cm d omelor fey 0 J cm long cyltndcri) Ic reoiized when they ere 
considered to be effective paint tourcet ond voriod lr» poiition oiong the needle in rtiponte 
to on anotoffiicolly Imposed delormotion of the itandord needle poHern by such an ortiRee 
unilarm irradiation can be more fitailf secured with irregularly ptoced needles 
Such a differentia! loading Ic not new with fieed opplicoiers (needle*) Fofarieotion of 
indixduol Imeor opplicators for eoth tumor Is In our opinion the only jvttifioble procedure 
in a condition at lethal os cancer We bebeve that our reculis would justify the espense 
of the method The causes of failure can then be mere orcvrotely ossetsed since hov ng 
laid the bugbear of dosoge sn the tumor the failure can be attributed to on error of 
(udgment a* to location or to on unusuoHy outonomovs tumor that dees not respond to 
irradiation 

Two common example* are illustrated Figure 27 7A shews the source* ortonged to provide 
a uniform irrad alien poltern for a rectangular planar Implont with uncroiied ends The 
same effective irradiation that would be secured by cross ng Iho ends Is made possible by 
positioning extra srnali sources at the end of each In* of source Thn is a very caaveweM 
loading for frequently It is either (neonvenieni or impossible to croii one or both ends 
with linear sources a* pres nbed by the Paterson ond Forker theoiy 

B. 
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smaU nylon tube so that the nylon tube can 
be inserted m the catheter after positioning of 
the catheter to insure that the activity will 
be at the center of the bladder The outside 
of the nylon tube is approximately 0 IS cm , 
which will not obstruct the catheter thus 
permitting free drainage Dose rates of 60 r/hr 
are easily achieved on the wall of a 5 cm 
diameter sphere around the source and larger 
doses can be provided (Figure 27 18 ) To 
irradiate the neck of the bladder more than 
the remainder the Co®® pieces arc loaded into 
the nylon tube to be nearer the bladder neck 
after the nylon is inserted into the catheter 

UTERINE FUNDUS 

The uterine fundus vs most effectvvelv filled 
with small spheres threaded on a string These 
spheres may be solid cobalt alloy or steel or 
plastic loaded with discrete sources Either 
way the technic which ts basically similar 
to the Heyman and other packing technics be 
comes valuable for two reasons (1) spheres 
of any size and activity may be chosen, and 
(2) the insertion takes only a matter of 30 
to SO seconds which means the operating 
surgeon receives insignificant irradiation dur 
mg the procedure 

BRONCHUS 

The high specific activity small source size 
cobalt again may be used in special bronchial 
applicators The applicators may be con 
structed so that an air passage completely 
encircles the source permitting the patient to 
breathe while being treated This is also use 
ful for bleeding recurrence m the bronchial 
stump 

OTHER USES 

Other applications where radium is used m 
cavviar) applications can be similarly treated 
with cobalt 

Ceiwix Uteri 
TANDEM AND COLPOSTAT 

Traditional treatments utilizing tandems and 
colpostats arc carried out with cobalt as with 
radium Owing to the low initial investment 
rct^uircd it is practical to secure enough Co®® 
to lend 1 complete senes of tandcins and 


colpostats Reloading is therefore not necessary 
and different sizes are drawn from the avail 
able stock as required Constructing the 
tandems and colpostats from stainless steel 
and permanently imbedding the activity per 
mits continuous sterilization The tandems 
and colpostats arc stored in a pan filled with 
instrument Zephiran chloride solution which 



Fi 9 27 8 Dosage eonleu's for two methods of treot 
meni of cartmoma of the cervix uteri Treatment of 
cartinama of the cervix uteri w th tandem er\d col 
poslat IS inadequate for other than early local zed 
lesions Improvements hove been mode in trtohng 
larger volumes of tissue by interstitially implonting 
needles into the parametrium These methods have had 
the limitation thol the needles ore implanted free hand 
and accurate placement is extremely difficult 

Figure 27 8 shows the relative treatment dosage 
contours possbie with the two methods In contrast 
with the high intensity reg ons near the tandem and 
colpostot for ony appreciable depth dose to the 
poramelravni a relotvely uniform dose is secured 
throughout the entire implanted volume with the iriter 
sP>ial technic 

The Interst tial technic becomes more practical if the 
needles ere inserted through a guide template wh ch 
ovods the errors in distr bution inherent in freehand 
insertion 

m turn is placed in the cavity at the center 
of a lead spheroid the top of which can be 
retracted for access to activity 
Tandems stocked range in ] 2 cm mere 
ments from lengths of 0 9 cm to lengths of 
8 1 cm and are all 3/16 inch in diameter 
They arc bent slightly so that they curve 
anterior!) Colpostat lengths range in 1 cm 
increments from 3 cm to 6 cm The tandems 
are provided with a tapped hole at their base 
The bases of the tandems fit info the colpostat 
and provision is made for nfiixing the tandem 
to the colpostat with a small stainless stcul 
scrcsv Insertion rods consist of threaded rods 
which fit into tapped holes in the tandem 
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and/or the colpostat After the applicator is 
packed m place these rods conveniently screw 
out without disturbing the pack The ap 
plicators have been loaded so that the desired 
dosages will be achieved in approximately 5 
days (120 hours) irradiating time for any 
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pelvic examination radiographic examinations 
of the pelvis with contrast material in the 
bladder rectum and vagina (a p and lateral 
stereographs laminagrams etc ) A lucite jig 
can then be designed to fit in the vagina 
through which guide holes are drilled These 




Fig 27 9 impI«ntation of corns vl«n ond peromelrium with rigid 

needles (Upper) A photograph of on opplicotor used In the treotmenl of 
cortinotna of the cervix with Co** The locite guide cylinder fits into the 
vag no and the needles ore inserted one by one through predrilled holes 
unti the pattern is complete A block of tissue opproximotely 4 X 7 X 12 
cm IS treated un formly to a dosoge of 7000 r In 1 week 

(lower) Rod ogrophie image showing the oetuol placement of the needles 
in the pelvis In a typical case os well os the positions of the Ind vidual 
Co'* sources in the needles 


colpostat m combination with tandems of 
length 3 3 cm or longer 

INTERSTITIAL NEEDLES 
It IS possible to extend the volume of tissue 
adequately irradiated with tandem colpostat 
type applicators with the aid of the precisely 
placed linear interstitial sources Preoperalive 
work up of the patient consists of precise 


guide holes permit needles containing t e 
radioactive Co*® with predetermined loadings 
to be accurately positioned according to a 
planned theoretic pattern The placement is 
accurate to within 0 2 cm at the tips ® 
needles (the point of greatest deviation) when 
all needles are pushed to their predetermined 
depths Dosages given within the implanted 
volume are approximately 7 000 r m one wee 
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Additional tumor outside the irradiated 
volume as defined by the needle pattern can 
be treated simultaneously Laparotomy is per 
formed at the time of insertion of the ngid 
needle pattern and Co®® nylon threads (nylon 
tubing containing cylinders of Co®®) are sewn 


Means of Application 
RIGID NEEDLES 

Co®® can easilj be loaded into rigid needles 
and used in a manner similar to radium 
needles Owing to the weak beta particle gold 



boi* of th« lucit* cyl nd<r and lh« cyl nder » pat I onod m ih* vog na A Khcmal colly tlluilrolat ihit A 

tmoll luc t« t p It noltd on tha end ot th* cylinder (hot pot t oni in iha cerv col canal 

Alter pot t ening ol the lucite cylinder the ncedlet ore interled iingly through their predeterm ned guide 
hotet lo tpecifed deptht oi Ind coted In 8 A mod Fed right-angle gallblodder fercepi (2) It uted to hold the 

needlet for th t Iniertion A lucite plate It petit oned to retom the needlei at the predelerm ned deptht 

The urinary btodder end rectum ore checked offer imptenloten of the pattern for pottible puncture by needlet 
The «og no It packed w th gauze A tcint Hat on probe covnier (3) <i olto uted to check the dote rate In the 
u inery bladder end rectum (C) 


inlo the rccions not co\ercil b) the needles 
This IS performed under direct sision and is 
possible as the needle pattern is so dcsicncd 
that the tips of the needles arc near cnouch lo 
the peritoneum to be discerned at laparotom) 
This technic is cspecnlly \aluablc for ex 
tensions alone the pehic wall and alone the 
hmph node chains 


or platinum is not required as shioldinc mate 
rial and hyperchrome stainless steel works 
scry satisfsctorils 

SEMIRIGID NEEDLES 

In simihr manner Co*® cm be loaded into 
less ncid needles and used m many applies 
lions Some of the materials used satisfactorily 
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and/or the colpostat After the applicator is 
packed m place these rods conveniently screw 
out without disturbing the pack The ap 
plicators have been loaded so that the desired 
dosages will be achieved in approximately 5 
days (120 hours) irradiating time for any 


Clinical Application of Radioncflre Isotopes 
pelvic examination radiographic examinations 
of the pelvis with contrast material in the 
bladder, rectum and vagina (a p and lateral 
stereographs laminagrams etc ) A Incite jig 
can then be designed to fit in the vagina 
through which guide holes are drilled These 




Fig 27 9 Co*® implanlaton of (orvix olor« ond porom»lnuin with rigid 
needlei (Upptr) A phelogreph of an opplicolor oted in tho treatment of 
coreinomo of the tervl* with Co*® The loeile guide cylinder fiti Into the 
vog no and the needles ore inserted one by one through prednlled holes 
uni I the pattern is cempTele A block of tissue opproximolely 4X7X12 


cm IS treated uniformly to a dosage 
(tower) Radiograph c image showir 
In the pelvis in a typicol case os i 
Co*® sources In the needles 

colpostat m combination with tandems of 
length 3 3 cm or longer 

INTERSTITIAL NEEDLES 
It is possible to extend the volume of tissue 
adequately irradiated with tandem colpostat 
t}pc applicators with the aid of the precisely 
placed linear interstitial sources Preoperativc 
work up of the patient consists of precise 


' 7 000 r in 1 week 
the octuol plocemenf of the needles 
II as the positions of the Individual 

guide holes permit needles containing the 
radioactive Co*® with predetermined loadings 
to be accurately positioned according to a 
planned theoretic pattern The placement is 
accurate to within 0 2 cm at the tips ° ® 

needles (the point of greatest deviation) when 
all needles are pushed to Iheir predetermined 
depths Dosages given within the implanted 
volume are approximately 7 000 r in one wee 




The Clinical Application 

Additional tumor outside the irradiated 
volume as defined by the needle pattern can 
be treated simultaneously I aparotomy is per 
formed at the time of insertion of the rigid 
needle pattern and Co'® nylon threads (nylon 
tubing containing cylinders of Co®®) are sewn 
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Means of Application 
RIGID NEEDLES 

Co®® can easily be loaded into rigid needles 
and used m a manner similar to radium 
needles Owing to the weak beta particle gold 


of Small Sources of Radioactive Cobalt 



Fig 27 10 Technic for intcritliol Icnplantotien in Irealmeni of carcinoma of the cervix uteri Following a 
preoperative itudy of the pelvis by the gynecolog st and the rodiolegisl o needle pattern ii chosen to conform 
with the basic theories of Paterson and Parker Holes are drilled in a Ivciie eyi nder at ongles which when rigid 
needles ore passed through them facilitate this needle pattern Rigid needi s ere loaded with small cylinders 
of rod ooctive Co^” tn such d slributions os prescribed At operation a 'sinch diameter rod (1) is screwed in 
the base of the lucite cyl nder and the cylinder is pos tioned in the vagina A schematically illustrates this A 
smoll lucite t p is noted on the end of Ihe cyl nder Ihot positions in ike cerv col canal 

After posit oning of the lucite cylinder Ihe needles are inserted singly through their predetermined guide 
holes to speciFed depths as ind cated in B A modiFed right angle gallbladder forceps (2) is used to hold the 
needles for this insertion A lucite plate is pos toned to reloin the needles at the predetermined depths 
The urinary bladder ond rectum ore checked offer implonlotion of the pottern for possible puncture by needles 
The vogino Is packed with gouie A scintillotron probe counter (3) is also used to check the dose rote tn the 
urnory bladder and rectum (C) 


into the regions not covered by the needles 
This IS performed under direct vision and is 
possible as the needle pattern is so designed 
that the tips of the needles are near enough to 
the peritoneum to be discerned at laparotomy 
This technic is especially valuable for cx 
tensions along the pelvic wall and along the 
l)mph node, chains 


or platinum is not required as shielding mate 
nal and hypcrchrome stainless steel works 
very satisfactorily 

SEMIRIGID NEEDLES 

In similar manner Co*® can be loaded into 
less rigid needles and used m many applica 
lions Some of the materials used satisfactorily 





Fig 27 11 /pporatut for implantation! with nylon 
threads Various types of applicators and guide needles 
ore indicated In left figure A flexible nylon threods 
■>nylen tubing eentoinmg Co"^ cylinders B curved ond 
straight grooved guide needles C rigid tubing con 
foining Co®®j 0 mognification of nylon thread with 
eentimeter rule the darker segments are the 3 mm 
long Ce^° cylinders E curved ond straight guide 
needles 

The lead nylon thread earner is sketched in the right 
figure The active portion of the nylon threods lies 
inside the lead shield while the Inactive portion is 
fastened outside the lead In practice the Inactive por 
ten on one end (colled the leader) is opproximolely 
1 meter long and Is drawn into the tumor while all 
activity remoins safely within the leod After oil leaders 
for a given implant ore positioned the activity Is then 
drawn into place requiring a minimum of exposure to 
the operator (From James Williams ond Merton [5] 
courtesy Surgery) 

in this connection are soft alloys of stainless 
steel hard alloys of aluminum and gold (The 
last IS not entirely satisfactory owing to the 
high scattering cross section of the gold ) 
Typical applications where this type of linear 
source is indicated include the hard palate 
Needles are passed from the hard palate 
against the bone where they bend as much as 
is necessary to assume a continuous curve 
into the soft palate 

FLEXIBLE THREADS 

Spacing small cylinders of Co” (0 3 cm 
long) inside nylon tubing (either with or with 
out inert separating spacers) at predetermined 
distances apart provides versatile and practical 
linear source of radioactive material These 


Clinical Appllcallon of Radioactive Isotopes 



nylon tubes loaded with Co*® (or other iso 
topes) are called nylon threads They are 
flexible and are used m any interstitial applica 
lion Ease and rapidity of insertion excellent 
implantation patterns satisfactory patient to 
erance and comfort during the implantation 
period and low dose to the surgeon at implan 
tation (less than 25 per cent of the dose for a 
similar implant using radium needles) are a 
few of the advantages realized when nylon 
threads are used In practice the threa s are 
made up with the activity within 20 cm ot 
one end of a nylon lube approximately luu 
cm long with the long inactive portion ot 
the tube functioning as a leader At im 
plantation long inert rigid or semirigid nee 
dies are used to serve as guides for tumor 
implantations after drawing the 
tern on the surface of the tumor with y 
These needles are inserted through the tumor 
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at the precise positions selected for the 
activity After all needles are positioned satis 
factordy for the implant the leaders are 
threaded onto the eyes of the needles and 
pulled into place, with the radioactive portion 
of Uic threads still remaining in a lead con 



the threads are brought out through stab 
wounds to facilitate xemoval of the threads 
after the desired irradiation period 

One of the most effective uses of the Co'''® 
nylon thread is as an adjunct to cancer surgery 
In those patients whose cancer tissue cannot 




Fig 27 12 Nylcn imptantation te<hnic— n«<k nod* the le<hnic used in irnplonling nylon tfireadi loaded with 
ii demonsiroted in a typical neck ngd* opplcaion {Top Mt) The rigid guide needles ore positioned after 
the treatment plan >s determined Six needles are shown in ploce through the tungr and the seventh Is being 
positioned After all guide needles are positioned to the satisfaction of the operator the lead shielded conto ner 
containing the nylon threads >s brought up near the operating site after sferitiyation in instrument Zephiran and 
the inert leaders of the threads ore drown into position {Top nghf) The nylon is threaded through the eye 
of the needle and drawn through During this operolion the octitre portions of the theads— those portions contain 
ing the radioactive Co^— remoin in the lead shielded coniomer 

The active portions of the threads are then drown inio position in the tumor (bottom left) After positioning 
lucite buttons are attached to the threads fxmg their posiirans This fgure shews two threads drawn in with 
buttons attached four with the leaders pofiUoned and one being drawn tn The dark sections of this thread ore 
the smoll cylinders of rod ooctiv* Ce°'’ 

(Bottom right) The completed Implant with the lost button being petitioned and the thread locked in place 
Snee the threads ore secured at both ends they will not travel during the freotmenf period After the desired 
treatment the buttons are removed and the ihreods withdrawn 


tamer placed on a table adjacent lo the opera! 
mg table Upon the satisfactory placement of 
all leaders the active portions of the threads 
arc drawn into place and fastened with 
builons Jt IS obsmed that the placement is 
more accurate as there is no threat to the 
operator caused by fear of radiation exposure 
In cases where the tumor requires surgical 
exposure (pelvic nodes etc ) the leaders of 


be totally excised radiation can enhance the 
possibility of a cure Co® nylon threads are 
well suited to this tjpe of application Non 
cxcisible portions of tumor are usually irregu 
lar m shape and the f^exibihry of the nylon 
permits better implantation than rigid needles 
They arc especially valuable in inoperable 
malignant tumors — inoperable because of m 
accessibility of site nearness to large vessels 
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bone, or regions previously irradntcd to the 
point of tolerance They provide the surgeon 
at the time of operation with a readily avail 
able method of heavily irradiating deeply 
seated residual tumor 

MOLDS 

Mold therapy can be as conveniently carried 
out with Co*® as with radium or radon 


Clinical Application of Itadioactive Isotopes 
size of the catheter was a welcome relief for 
imgation and patient management Construe 
tion of the nylon tube obdurator is simple if 
telescoping nylon tubes arc employed In 
Figure 27 18 A is the radioactive cobalt 
source, a plated cube 1 mm in diameter More 
than one cube can be used if desired Each 
cube IS approximately 150 rhem B is the outer 
n)lon tube C ts the inner nylon tube which 



FOLEY CATHETER WITH COBALT INSERT 
The two lumen catheter has been abandoned 
as there is a great tendency for plugging of the 
unnary stream The active insert is earned in a 
small nylon tube which has a nylon obdurator 
The inner ends of the nylon tube and obdura 
tor are closed by heat The length is chosen so 
that the catheter can be inserted and adjusted 
without difliculty The nylon tube containing 
the radioactive cobalt is then inserted a pre 
determined distance to center at the center 
of the inflated balloon The additional lumen 


serves to hold the cobalt m the end and D 
IS the Foley catheter 

EVALUATION OF THE APPLICATION 
OF RADIOACTIVE COBALT 

Statistical evaluation cannot be employed 
owing to the variation betw'cen individual 
patients and in the radiation 
ployed Our studies were initiated in 
and the number of patients treated (406) is 
not large enough to be statistically sigm ican 
Many of the treated patienU have not been 



Fig 27 14 Nylon implantation of pelvic node Ap and lolenol view* of the nylon implant of a pelvic node 
The patient wot loparotomied end ten threadt were town into the node with o curved cutting needle attached 
to the leaden The leodert were brought out through the obdoimnot well through a ilob wound with the other 
end of the thread cut thort ond remoining withitv iho pelv » The «nti«o« wot tloccd oftet implontotion Following 
delivery of the detired irradiation the threads were easily pulled out through the stob wound oppreximotely one 
week later | 



Fig 2715 nylon threodi In place m metostot c 

odenocarcinomo In poro-aertic lymph nodes from con 
cer of the t gmoid colon Loose ends of the threads 
(Uodrrt) are brought out through abdominal woll ttob 
wou d for later removal (From James Willioms ond 
Morton [5J roortery Surgtry) 



F«g 27 14 Co*^ nylon threads Implanted in tumor 
Invasion of corotid bulb Patient had bulky metaslotic 
cordnamo In the neck Neck dissection was performed 
but residual tumor was found to be Invading the 
corohd bulb Th s resduum woi then Implonfed with 
radiooci ve cobalt as indicated The leaders were 
brought out through Stab wounds and the Incision wos 
closed The threads were pulled out after the desired 
Irrodiot on Th i polieni Is still ol ve and free of cancer 
ofterSJ years (From James Wiliams and Morton [5] 
courtesy Surgery } 
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F'g 27 17 internal trrodiation of pituitary tumor 
J 0 a forty nine yeor>old lawyer wot totolly in<apo<I 
fated fram Cu^Kmg t tyndrome reiutuAg from o 
thromophabe adenonta of the pituitary gland The eello 
tureice wot enlarged to about 2S cm in diameter and 
the patient hod net been rmpreeed by 27 K roy (reof 
menta given et another hotpital 

Using o frontal opprooch to the pituitary regiort the 
center of the tumor was then aspirated The fossa 
formed served to held a eobolt opplicator fastened In 
the end of a soft rubber tube ‘Ibis r*rnoined in the 
center of the selfa turcica The rubber tube eitended 
aut to the dura to serve os a dram The small cobalt 
applicator measured 331 rhcm which gave o dOOO r 
dose to the surface of the sphere 2.3 cm In diameter 
ot the end of 27 hourt Thrs method was emptoyed 
because of the previous Irrodiation and because of the 
need for vigorous control of thfs apparently secreting 
pafhelagic clear-cell tumor and It is believed to be 
safer then a more thorough exenterotion of the pituitary 
fossa The tube wos withdrown at the end of 27 hovss 
without difficulty This man hos had on apparently com 
plefe recovery ond Is able to engage in active practice 
as a lawyer He Is on a small supporting dose of 
cortisone 


Clinical Appllcafion of Radioactive Isotopes 
followed long enough to draw valid con 
elusions 

The effect on bone is unusually nuld either 
because of Uniformity of the small sources 
or a combination of the tcchnic employed plus 
the natural transparency of bone to rays of 
this intensity At no time has necrosis of bone 
been without logical explanation such as rec 
ogniied overdose infection or invasion by 
tumor Wc believe that 7 000 RLP is safe for 
bone 

An effective point source applicator is made 
possible by the use of small Co®® sources At 
ihc present time wc arc using applicators 1 
mm in diameter, plated and up to 150 them 
strength In the future nc plan to employ 
Haynes Stellite Alloy Number 25, with the 
above plating This has undergone rigorous 
tests by us and others and gives no contamma 
non for such souces (see AEC Progress Ke 
port) These small sources permit application 
not prcviousl) practicable as in the pituitary 
fossa (see Tigurc 27 17) This sire is also 
useful for the urinary bladder (see Figure 27 
18) These sources are so small that their 
insertion is tolerated 

The implantation of metastases to nech 
nodes abdominal nodes and other regions 
would appear to be best accomplished b) the 
use of flexible nylon threads with sub 
sequent removal The permanent itoplanta 
lion rarely achieves the dosage sjmmetry 
possible by use of linear parallel applicators 
Wc are firm believers m the combination of 
surgical and radiation technics Without a 
supply of radioactive applicators always avail 
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able for instant use the fullest co ordination cobalt and kept sterile in assorted lengths for 

IS not achieved The possibility of keeping a immediate use A few cases of 4 year sur 

rapidly decaying source supply on hand has sival of patients with inoperable metastases 

always in the past precluded full availability to cervical neck nodes using this method 

of such a technic using radon The nylon would appear to justify the attempt 

threads m our opinion are best loaded with 
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Use of the Radioactive Cobalt Beam for 
Cancer Therapy 
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PHYSICAL ASPECTS 

In 1935 Fermi and others demonstrated 
gamma emission following the absorption of 
slow neutrons m metallic cobalt Sampson 

C^60 

rrr^ hl-ssyrs 

\ 


308 MEV 

\ 

\ 



and others proposed that the long lived por 
lion of the gamma emission belonged to the 
isotope Co*® The further development of the 
fundamental physics of Co*® may be traced 
by reference to the works of Livmgood 
TUsscr Nelson and Deulsch 
Figure 28 1 depicts the disintegration 
scheme of this radioactive element It will be 
seen that Co*® emits a 0 308 mev beta ray 
This IS followed by 1 17 and I 33 mev gamma 
rays in cascade resulting in the stable dis 
integration product Ni*® The half life of Co"® 
is still someivhat uncertain The accepted half 
life has been 5 3 years but a recent determine 
tioo by Lockett and Thomas suggests a value 
closer to 5 0 years very short indeed as 
compared to radium Figure 28 2 is a decay 
curve based on the 5 3 year half life The 
dose rate from Co®“ decreases to 98 9 per cent 
of Its initial value m one month The dis 



Fig 28 2 Decoy curve for Co*® 
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integration constant for a half life of 5 3 years 
IS 0 131 per year=I 09x10 * per month 
Mayneord (1950) has shown that the dose 
rate from a 1 me point source of unfiltered 
Co®® IS 13 5 r/hour at 1 cm This compares 
with 8 3 r/hour at 1 cm from a 1 mg radium 
pomt source filtered by 0 5 mm platinum 
Under these conditions 1 me of Co®® produces 
the same dose rate as 1 63 mg of radium 
Co*® can be produced by bombarding cobalt 
metal with deuterons from a cyclotron but it 
IS more conveniently produced in larger 
quantities by placing the natural metal in the 
large neutron flux available in an atomic pile 
The essential requirements of a radioactive 
source for tclethcrapy purposes arc that the 
source have a long half life be pure 
preferably have a homogeneous high energy 
gamma emission and have a very high radio 
active concentration (specific activity i e 
curies per gram) The latter requirement is 
important since the shape of the isodose curves 
depends on the physical size of the source In 
general the larger the physical dimensions 
of the source the greater is the radiation 
penumbra Still another factor to be considered 
in designing teletherapy units is the increase 
m percentage depth dose with increasing treat 
ment distance Consequently it is desirable to 
have a source that can be used at a large 
distance will produce an economical dose rate 
but at the same time be of such a size as to 
permit good beam definition A further re 
quircmcnt is that the protection for such a 
source must not be such as to make the 
apparatus cumbersome in treating difficult 
head and neck areas 

With the high neutron flux available in the 
atomic pile at Chalk River Canada it was 
possible to produce highly concentrated radio 
active Co sources that met the above require 
ments In this pile and now in others thin 
cobalt discs or small pellets of millimeter 
dimensions arc irradiated With these wafers 
or pellets It IS possible to obtain 1 000-curic 
cjlindrical sources measuring 2 5x1 cm and 
even smaller with an output of 20 r/mm at 
100 cm distance 

Among the units that have been designed 
for Iclccuric therapy arc those of Johns 
(1952) Grimmctt and Green The units 
designed bj Johns and Gnmmclt utilize fixed 


cones while that of Green is fitted with an 
adjustable diaphragm Figure 28 3 illustrates 
the last unit and Figure 28 4 is a simplified 
cross section diagram of the head and dia 
phragm system This unit is turned on and 
off by means of a mercury shutter Detailed 
description of the design of each unit is con 
tamed in the references 



Fig 28 3 A b»am therapy unit 


A Co®® tcletherapy unit may be compared 
to a 2 or 3 mev x ray generator since undi,r 
comparable conditions it produces similar 
isodose distributions The Co®® unit has no 
cicctncal generator and requires a minimum 
of servicing The output of a 1 000 cunc Co®® 
unit IS less than present commercial super 
voltage units but it is not affected by electrical 
fluctuations A disadvantage of the Co"® is 
the rc\aUvc\y short half life of the source 
which will have to be reactivated every 3 or 
5 years according to individual requirements 
In addition cobalt tcletherapy sources emit 
radiation continuously and consequently rc 
quire more elaborate built m protection 






Fig 23*4 Exploded view tho head and diaphrogm tysfem of a Ce*^ unit 
(Ffom Oroen and Effington [tO] totsrttty Jovrnof Conod on Aitocioiion of Radiol 
ogislt } 


ABSORPTION AND INTEGRAL DOSE 
IN TISSUES 

For clinical purposes Co*® may be con 
sidered as a source of 1 25 mev monochro 
matic gamma radiation (the beta rays are 
filtered out) At this energy the absorption 


coeliicients in various tissues are listed in 
Table 28 1 These values show that absorp 
lion in bone is less than that for 250 kv 
X ravs (Spiers) The lower absorption in bone 
with Co** gamma rays will result m less 
distortion of ideal isodose distributions W'hen 
the beam of radiation passes through a hetero 


TABLE 28 1 — Absorption in Tissues 


Tissue 

Coball 60 tnadtahon 
na\elength 001 Angstrom 

250 k\ Irradiation 
Wavelength 010 Angstrom 

Linear 
absorption 
coefficient 
{per cm ) 

Energy 
absorption 
(ergs per r) 

Linear 
absorption 
coefficient 
(per cm ) 

Energy 
absorption 
(ergs per r) 

MusUe 

0 064 

93 9 

0 160 

93 8 

Fat 

0 060 

88 8 

0 150 

83 6 

Bone 

0 105 

1550 

0 292 

245 0 
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gcneous medium of bone and soft tissues 
From Table 28 1 it is also evident that the 
energ) absorption m ergs per roentgen is less 
with Co*” radiation than with 250-kv x rajs 
This IS an advantage when bone is unavoidably 
m the path of the radiation beam 

Integral dose is a measure of the amount of 
energy absorbed bj a patient when treated 
with X or gamma radiation A dose of one 
gram roentgen corresponds to the absorption 



r g 5 of ini«gTot ter 2S0 kt 

* rayt (H V I SO (nm Cu) ond Ce*® irrod alien 

of 84 ergs and one mega (million) Gm r 
therefore corresponds to the absorption of two 
calories 

The integral dose for a Co®® field may be 
estimated using Mavneords (1940) approsi 
mate formula 

L = i 44 rf, 

where Z)»=givcn dose /l=arca of field </j= 
depth of 50 per cent isodosc curve /=soutct 
to-skm distance 

Figure 28 5 shows the variation of integral 
dose with the size of field namch the larger 
the field the larger the integral dose From 
Figure 28 5 n n also evident that for complclv 


absorption of all the incident radiation there 
IS no difference m integral dose between Co®® 
and 250 kv x rays when 100 r is delivered at 
a depth of 10 cm However in practice the 
patient has a finite thickness and owing to 
the greater penetration of Co®®, more radiation 
escapes and resuUs in the lower integral do>e 
mdicated m Figure 28 5 Values give ord’r 
of magnitude onl\ 

For single field treatment of a tumor at less 
than 6 cm depth the integral dose is the 
same for both Co®® radiation and 250 kv radia 
lion For parallel opposing field treatments 
the integral dose is 10 to 30 per cent less with 
Co®® radiation the difference increasing with 
increasing separation of fields For 3 field 
treatment of the larynx (Figure 28 12) the 
integral dose would be approximately 2 7 
megagram roentgens for 5 000 r tumor dose 
To deliver 5 000 r by 250 kv x rays an inte 
gral dose of 2 9 megagram roentgens w ould be 
given 

In Figure 28 6 the dose m roentgens de 
livered to the various intervening tissues is 
shown when 250 kv x ray and Co*® 5 field 
technics are used to deliver 5 000 r to an 
esophageal tumor With Co*® the integral dose 
is approximately 9 megagram roentgens for 
5 000 r tumor dose Using 250 kv x rays the 
integral dose is 12 5 megagram roentgens for 
5 000 r tumor dose These values indicate that 
integral dose is less with Co” gamma rays for 
multiple field treatments The difference in 
creases with increasing size of the patient 

OUTPUT, BACKSCAHER, HVL, 

AND DEPTH DOSE DATA 

Compared with lower energy radiation 
Co*® gamma rays have the advantage of being 
more penetrating Another advantage is the 
build up of ionization below the skm surface 
producing the maximum dose at a depth of 
5 mm rather than on the skm surface as m 
conventional lower kilovoltagc x rav appara 
tus This build up of lonizition is due to 
absorption taking place bv means of forward 
scattering Johns (1952) has measured this 
build up of ionization for both small and larcc 
fields and Figure 28 7 illustrates resuUs of 
measurements with a verv ihm walled loniza 
lion chamber Thus skm areas treated with 
open ended cones will receive 30 to 60 per 




Fig 7i6 (Left) Ooi« ditlnbulion f«r a 5fi«M UeolmsM «f •tophogeal cancer wifh Co*'' {rradia*ion 
Dose disIriW an For a S F!e(d irealment oF ttophogaol concer with 2S0 ttv % rayi 


TABLE 28 2 — Output op a 1000 Curie Cobalt Beam Untt 


(Source skm distance 100 cm ) 
(Diaphragm skin distance 21 cm) 


Field size 
(cm) 

Column 1 

Air dose 
rate 

(r/min ) 

Column 2 
Dose rate 

Mitll 

backscatter 

(r/mtn) 

Column 3 

Per cenf 
backscatter 

5x5 

20 0 

20 2 

10 

10x10 

20 9 

21 6 

33 

20x20 

21 5 

22 5 

46 

5x10 

20 3 

201 

20 


(Conrfeev Uadloloi,y laboratory National llesenrch Council 
Canada ) 



Fig 28 7 Build up of tenicotion below »k n lurfoca 
with irred olion 


cent of the dose delivered it 5 mm depth 
The build up of ionization is influenced by 
electrons produced in the diaphragniuig s)^ 
tem the air, and other intervening materials 
between source and skm surface Johns has 
diown that the optimum diaphragm to-skm 
distance is 20 cm or more The build up of 
ionization is similar to that obtained by 
MiUer and Wilson with 2 mev x ray apparatus 
To measure the output of the Co*® tele 
therapy unit it is necessary that the ionization 
chamber have a wall thickness of 3 to 4 mm 
to produce electronic equilibrium A thin 
walled Victorcen 25 r chamber with a 3 mm 
lucite cap is suitable for measuring the output 
of these telelherapy units Table 28 2 gives the 
values of output measured both in air an 



Use of the Radioactive Colbalt Bcflm for Cancer Therapy 



with the Victorccn chamber half m and half 
out of a phantom The increase in values in 
Column 2 is due to backscatter For small 
fields the backscatter is 1 to 2 per cent while 
for large fields it is of the order of 5 per cent 
The variation of air-dosc rate with field size 
IS due to scattering from the diaphragm 

The half value lajcr of Co'’ radiation is 11 
mm lead or 1^ mm copper 

Depth dose tables for Co'” tclethcrap) units 
have been published b> Dixon (1952) Johns 
(1952) and Ftdoruk (1953) In Table 28 3 
arc dtpth dose values for source lo-skin dis 
lances of 80 and 100 cm Values m Table 
28 3 when compared with those obtained for 
lower kilovoltacc x ravs indicate that the per 
centige increase m depth dose is greater for 


small fields than large fields Comparison with 
supervollagc X rays indicates an equivalence 
to 2 or 3 mev Two isodose distributions arc 
shown m Figure 28 8 for a diaphragm to skin 
distance of 24 cm and an S S D of 80 cm 
The width of penumbra for these fields ma) 
be calculated using the formula rf=2fl(L|— I) 
where d is the penumbra 2o the diameter of 
the source L is the source to-skm distance 
and / IS source to diaphragm distance For 
distnbutions in Figure 28 8 the calculated 
penumbra is 1 0 cm The effect of this pc 
numbra is to eliminate the sharp discontinuity 
at the edge of the field that is obtained with 
lower cnerev x rays 

For elongated fields where ratio of sides is 
less than 2 5 1 it is possible to use the depth 



TABLE 28 3 — Depth Dose for Cobalt 60 Radiation 



[19] caUTteay UritiiTi Journal of radiology ) 
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parallel opposing fields 



Fig 28 9 Comparison of mid lin« dosa obtomad with 
2S0 W » ro>s end Co®° itiodiolion for porol'at opposing 
fold teahn e (par cant of dote at S ffirn depth for Co*'** 
irradiation} 

dose vilues m Tabic 28 3 for the same area 
provided an error of 2 per cent is permissible 
The depth dose values at the larger depths 
uc afTccted more than those at depths less 
than 10 cm For example the depth dose 
values obtained with a 15x6 cm field will bv 
only 0 5 per cent less at depths up to 10 cm 
'ind 1 3 per cent less at 20 cm depth than that 
for a square field of 90 sq cm area For 
fields with elongation factors up to 4 the 
maximum correction is -4 per cent at the 
larger depths 


When treatment fields strike the surface 
obliquely the effect on central axis depth dose 
values IS negligible However the isodose 
curves arc distorted so that instead of being 
flat they arc inclined to the central axis at 
an angle equal to half of the incident angle 
Howarth who investigated this effect with 2 
mev X rays found similar results 

METHODS OF TREATMENT AND 
ISODOSE DISTRIBUTIONS 

In I igurc 28 9 the dose obtained at mid line 
with Co** parallel opposing fields is compared 
with that obtained With 250 kv x rays For 
Co*® the values are expressed as a percentage 
of the maximum dose which occurs at 5 mm 
depth rather than on the surface It is evident 
that for small separation of the fields Co*® 
docs not produce as large a mid line per 
centage depth dose but for large separations 
the Co** beams produce the larger percentage 
mid line dose In addition the dose on skin 
surlace must be considered and Co** has a 
distinct advantage as shown by Figure 28 10 
Treatments requiring accurate multiple 
field beam direction are earned out using the 
plaster shell plus backpointer method of Pater 
son The method is as follows A plaster shell 
j$ fitted to the body area to be treated tumor 
localization radiographs arc taken with patient 
wearing the shell to which lead identification 
markers have been attached an outline of 
shell at the kvcl of the tumor is made using 


PARALLEL OPPOSING FIELDS 

to CM SCMRATIOM 200 SO CM 



Fig 28 to Compa iton of do»* In a 20 
250 kv X roy and Co*® itrod at on 


Ih ckn«ii of 


Ireoted with 
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ESOPHAtatS 



POST 

Fig 23 11 dittnbvtioo for o 5 field Ireotment of 

ojophogool <ane«r 


a flexible lead wire, the position of tumor 
determined from radiographs is marked on 
the cross section diagram and the treatment 
IS planned with the aid of isodose curves The 

LARYNX 

CO** (UOlATtON HVU ISHKCU 
FieiAS 0(9 CU 
S9d boom 


ANT 

Fig 28 12 Itodose d jiribution for a 3 field Co** 
Ireolment of laryngeal cancer 


number of fields is determined by the tumor- 
to-heallhy tissue dose ratio required These 
fields are placed to give as homogeneous an 
irradiation of the tumor volume as possible 
When entrance and exit points of the fields 
have been determined on the diagram they 
are marked on the plaster shell Holes are 
dolled m the shell at these points so that the 
pointed plastic treatment cone and back, 
pointer can be fitted into them during treat 
ment Figure 28 13 is an illustration of a 
patient being treated by this method and 
Figure 28 11 IS an isodose distribution for an 
esophagus treated m this way The tumor dose 
of 220 per cent maj be compared wtb HO 
per cent obtainable with a 5 field 250 kv x ray 

treatment Figure 28 12 is the isodose distnbu 
lion obtained usmg a 3 field plaster she 
plus backpointer technic m treating the larynx 
Where plaster casts are not feasible as m 
pelvic lesions another method of beam direc 
tion IS the Manchester pm and arc In Figure 
28 14 a patient is shown under treatment 
using this instrument Figum 28 15 is n 
schematic diagram of the pm and arc The 
arc IS designed so that its center moves along 




Use of the RadioactiTt CoIbalJ Beam for Cancer Therap} 


459 




the beam a^is The >ertical depth a of the 
tumor below the point P marked on the skin 
surface is set on the pm The angle C at which 
beam is required to enter patient is set on the 
arc A The distance b from center of tumor 
to beam entrance point is set on the scale D 
The cobalt machine is then placed so that the 
pm IS scrtical and the tip of the pm is resting 
on the skin mark P In this position the central 
axis of radiation btam passes through the 
center of the tumor 


Watson has outlined a method of using the 
pin and arc for setting up patients who are 
rotated during treatment \\ith Co** tele 
therapy units it is possible to obtain betUr 
lumor-to-skin dose ratios than are shown in 
Figures 28 11 and 28 12 Instead of the 
2 2 1 ratio obtained with the 5 field treatment 
of esophagus m Figure 28 1 1 one could ob 
tain a 5 1 ratio using rotation Dose dislribu 
lions obtained with 2 mev x ra\s durini; 
horizontal rotation of the patient have been 
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published by Steed Hare has also published 
dose distributions for rotation technics using 
a 2 mev x ray generator 

PROTECTION AND INSTALLATION 

The protection required for Co'"'’ muUiciint 
telethcrapy units can be divided into two parts 
namely protection against direct beam radia 
tion and protection against scattered radiation 
The amount of protection required can be 
determined from the absorption measurements 
of Dixon [6] 



The amount of scattered radiation inside a 
treatment room for a dose rate of 22 r/mm 
at the treatment distance and 20 x 20 cm 
field IS shown in Figure 28 16 Factors that 
affect the amount of scattered radiation arc 
dose rate size of field and size of scattering 
medium In general doubling dose rate dou 
bles the amount of scattered radiation in 
creasing field size mcreases scattered radio 
tion and increasing size of scattering medium 
decreases the amount of scattered radiation 
The advantage of the maze entrance to the 
treatment room is the much smaller quantity 
of lead required for the treatment room door 
The walls of the room in Figure 28 16 are 
12 inches of solid concrete 

CLINICAL ASPECTS 

Clinical comments and observations for 
this chapter are based on the 1 000 curie unit 
of The Ontario Cancer Foundation London 
Clinic in operation since October 27 195i 
Six hundred and fifty three patients were 
treated during the first 18 months Selection 
of patients although desirable has been badly 
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stilted because of demands for palliative 
nssist-mcc to many advanced problems, never 
thcless an attempt has been made precisely 
to carry the dose higher and higher fully 
utilizing the physical advantages offered by 
Co*" in an effort to gather factual data on this 
new form of externa! irradiation We view our 
work still as clinical research and any de 
ductions presented should be interpreted as 



— ®EAM HCRlfcONTAL 
— BtftM VtRTICAl. 

Fig 28 16 A Co®® beom unit freotmenf room thowing 
omovnt of Koifered rodiolion inside room o' 

22 f/m n dose rote ol treatment distance 

an interim report produced 18 months after 
installation of the unit on patients treated 
during the first 14 months 

Physical and clinical observations previously 
made on conventional x ray radium bomb 
and particularly on supervoltage x ray paved 
a basic line from which to start All have m 

common along with Co«° ionization of cells 

as the fundamental reason for the biologic 
phenomena induced yet Co®® has a potentia 
approximating 3 mev and two single wave 
lengths in contrast to the broad heterogeneous 
spectrum of x ray equipment Could such a 
monochromatic beam the aspiration of radio 
therapist and physicist for some fifty years 
have any biologic significance perhaps even 
some biologic specificity? The answer migh 
well be No were we to subtract sue! 
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Use of the Radioactire 
phjsical side effects presented presiousl) as 
lovscr coefficient of tissue absorption decrease 
of backscatter and lower integral dosage 
reasoning in terms of total ionization alone 
This we ha\e been prepared to do neserthe 
less It must be admitted that the complexity 
of the human bods unlike the relative sim 
plicitv of the ionization chamber makes roan 
a crude indicator of potential biologic dif- 
ferences in ionizing wavelengths The biologv 
laborator> maj vet have to settle this question 


Co^ teletherapv and supervoltage x ravs have 
expanded the effectiveness of radiotherap) 
and trends predicted are along the following 
lines 

1 New postoperative fields 

2 A widened field of palliative usefulncas 
in sites ofttimes neglected 

3 A legitimate encroachment on con 
\entiooa! therap) 

4 A continued determined effort to estab- 
lish a cure rate in certain inoperable not 



fg 36 17 Pai«nt be ng Irvoivct for bronctiegvnic cortinemo (From 
Sm th f39] courlorr Conod on Afieeiohen of Fod olog ) 


The ph)sical advantages of Co'^ over con 
ventional x raj therapj paralleling super 
voltage of the two to three million range 
have been reviewed 

There is sufficitnt evidence to give us the 
impression supported mcrcasinglj as time 
goes on that the definite band of phjsical 
advantages has its clinical parallel in a band 
forced to be a little broader because of 
associated biochcmistrj patholocv and in 
deed psjchologv in ccncral however the 
clinical band of improvement parallels the 
phvsical A higher dose both locallv and 
svstcmicallv is tolerated in a shorter time but 
this 15 a verv broad statement and how valid 
It 15 for specific sues will onlv be learned from 
an appraisal of results in numbers statistically 
valujWc 

Speaking caiegoricallj and in a broad wav 


advanced deep-seated cancers as in the lung 
esophagus rectum and bladder 

DOSAGE EXPERIENCES FOR 
lARYNCEAL CARCINOMA 

A 5 500 r T D (tumor dose) beam directed 
delivered in 3 weeks in the average case 
achieves a mxximal mucosal reaction com 
patiblc vvith safetj and is the basic maximum 
figure used within this studv period Ten 
patients arc available for studv All had in 
tnnsic carcinoma regarded mostiv as late 
Stage 2 Three patients showed carlv recur 
renccs Seven patients have cleared clinicallv 
and are free of cancer 5 to 16 months 

Rgurc 28 12 indicates an isodosc studv of 
the ivpical 3 portal larvnx technic Plaster 
collar With baekpomter technic was used 
throughout (Heure 28 13) WTierc the lesion 
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IS confined to one side, the single field technic 
IS finding Its place 

In consideration of our own experience 
with conventional thenpy it is our impression 
that the larynx group supports the idea that, 
with Co'’“ irradiation it is possible to deliver 
a greater dose in a shorter time Further 
more a legitimnte encroachment on con 
ventional therapy appears to be justified and 
this trend so predicted Tumor dosage and 
time are listed below Time has permitted no 
observations on delayed necrosis nor delayed 
recurrences 

Carcinoma of larynx (total 10 patients) 


The clinically u ell eroiip 
(7 patients out of 10 total) 


1 Case 

TD 5 500r 

3 

weeks 

2 Cases 

TD 5 550r 

3 5 weeks 

1 Case 

T D 5 200 r 

4 

weeks 

1 Case 

TD 6 000r 

4 

weeks 

I Case 

TD 6500r 

4 

weeks 

1 Case 

T D 5 500 r 

5 

weeks 


The recurrent group 
(3 patients out of 10 total) 

1 Case T D 4 500 r 3 weeks 

1 Case T D 5 200 r 4 weeks 

1 Case T D 5 400 r 5 weeks 

DOSAGE EXPERIENCES IN 
ORAL CARCINOMA 
Fourteen patients are suitable for dosige 
study The tremendous variability of radio 
sensitivity mitigates the value of observiuons 
made on any small group This is roost ap 
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parent m 2 patients staged as 3 and 4 of carci 
nomi of the tongue with bulky fixed pnmarj 
lesions and I with metastases in bilateral 
cervical nodes one is free of cancer 14 
months later, receiving a tumor dose of 6 000 
r in 7 weeks, the other, an old man is well 
12 months later receiving a tumor dose ranf 
ing from 3 000 to 4 000 r in 3 weeks Large 
parallel opposing fields were used and prob 
ably the increased depth dose has revealed its 
value in the response of one of the two patients 
with metastatic cancer m lymph nodes 
To ofTsel such surprises is the very super 
ficial keratinizing epithelioma covering roost 
of the soft palate which persisted after a 
tumor dose of 5 600 r in 3 S weeks 

High (lose ob%cr\aiions (1 patient well) 
One cancer of the floor of mouth 3 5 cm 
in diameter, received treatment through paral 
lei opposing fields over 4 weeks to a turoof 
dose of 7,300 r The skin receiving 6000 r 
showed a fibrinous reaction, as did the tumor 
and oral mucosa There was a minimal mo 
cosal dryness The tceih not removed were 
firm after 10 months Repair was perfect 
For the time being T D (tumor dose) of 
7 000 to 7 500 r in 4 to 5 weeks is what we 
term our optimum aim 
Lom dose ohserxations (4 patients well) 
One patient with Stage 3 carcinoma of the 
buccal surface of the cheek on whom wC 
discontinued therapy at a T D of 3 000 r lO 
2 weeks has been free of cancer for 


Summary of dosage study in oral carcinoma (total 14 patients) 


High dose observations (1 patient well) 

Floor of mouth 

Stage 2 

TD 

7 300 r 

Low dose observations (4 patients well) 

Buccal surface cheek 

Stage 3 

TD 

3 000 r 

Tongue 

Stage 4 

TD 

3 000 4 000 

Recurrent tonsil 

Stage 2 

TD 

4 300 r 

Tongue 

Stage 3 

TD 

6 000 r 

Average dose observations (4 patients well) 

Fauces 

Stage 2 

TD 

5 500 r 

Tongue 

Stage 3 

TD 

5 500 r 

Hard palate 

Stage 3 

TD 

5 600 r 

Soft palate 

Stage 3 

TD 

6 500 r 

The recurrent oral group (5 patients out of 14 total) 

Alveolus 

Stage 2 

TD 

5 000 r 

Anterior pillar 

Stage 2 

TD 

5 500 r 

Anterior pillar 

Stage 3 

TD 

5 500 r 

Tongue 

Stage 3 

TD 

6 000 r 

Floor of mouth 

Stage 3 

TD 

6 000 r 


4 weeks 


2 weeks 
r 3 weeks 

3 weeks 
7 weeks 


3 weeks 
3 weeks 

3 5 Weeks 

4 weeks 


3 weeks 
3 weeks 

3 5 weeks 

4 weeks 
4 5 weeks 
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moDths A patient with Stage 2 recurrent 
cartinoma of tonsil is well 9 months from 
a T D of 4 300 r in 3 weeks A patient with 
Stage 3 carcinoma of tongue is free of cancer 
14 months from 6 000 r in 7 weeks One pa 
tient with Stage 4 carcinoma of the tongue 
receiving a tumor dose of 3 000 to 4 000 r 
m 3 weeks is well 1 year later 

DOSAGE EXPERIENCES (N 
BLADDER CARCINOMA 

Nine cases are available for study Owing 
to massive tumors with extras esical spread 
4 received large parallel opposing pelvic 
fields with tumor dosage of 2 500 to 4 000 r 
m 3 to 3 5 weeks Two of these were pallia 
tively relieved of symptoms while 2 received 
no benefit The remaining 5 patients by pm 
and arc technic received 5 000 r bladder 
dosage to volumes averaging 10 cm in from 
3 to 3 S weeks Slight to moderate yet 
tolerable early reactions followed Four have 
remained practically symptom free and 3 of 
them cystoscopically clear for 4 to 10 months 
In each instance the tumor was confined to 
the bladder but beyond desiccation or excision 
control and either partial or total cystectomy 
had been recommended It is considered m 
advisable to shorten the over all time for a 
tumor dose of 5 000 r in fact to protract at 
the same or slightly reduced dosage rate into 
the fourth or fifth week seems to have merit 
in instances particularly of bulky residual 
growths One ulcero infiltrating Grade I kera 
tmizmg cancer showed no response 

The satisfactory observations in this group 
of uncontrolled bladder cancer of course 
mean much to date for the particular patient 
It IS encouraging to say the least and wishful 
thinking would have it hold all it really 
means with so short a follow up is that a 
safe workable dosage has been established 


from which to carry on It has been learned 
that if the tumor is bulky the devitalized 
tissue may require frequent bladder irnga 
(ions 

DOSAGE EXPERIENCES IN 
BRONCHOGENIC CARCINOMA 

This IS the group in which we had hoped 
for some moderately early cases Most have 
been inoperable and proved so by thoracot 
omy The simple radiotherapeutic point which 
explains our position is that if we estimate 
the volume for treatment to be 8 cm and 
under an attempt at curative dose is given 
being m the range of 5 000 r to 6 000 r to this 
volume in 3 to 4 weeks If the treatment area 
IS beyond 8 cm as have been 70 per cent of 
our cases the danger involved in approaching 
a curative dose is too hazardous and at the 
outset palliation is accepted 

Palliation consists of 3 000 to 3 500 r cen 
tral dosage in 3 weeks using parallel opposing 
fields m size even up to hemithorax This 
means an average of 2 500 to 3 000 r to the 
skin with little systemic reaction as a rule 
and no skin effect 

Four field pm and arc is used in an inter 
mediate group where size close to the 8 cm 
figure but perhaps a little larger warrants an 
attempt to deliver a low cure dose per 
chance the tumor exhibits unusual sensitivity 

The 5 portal plaster jacket backpointer 
method is used m the high dose group (Figure 
28 17) Rotation here presents its cardintl 
virtues and will be selectively used m lieu of 
beam direction 

The immediate response in lung cancer has 
been m the main most gratifying and often 
dramatic Radiographic improvement as a 
rule has not paralleled clinical regression In 
the high dose group esophagitis has contnb 
uted Its anguish indeed one case at autopsy 


Cdrcinonia oj bladder (total 10 patients) 


1 Patient 

Fxcluded 

(completed 5 of 15 treatments) 


2 Patients 

TD 

4000 T 

3 weeks 

Large fields 

No benefit 

1 Patient 

TD 

2 500 r 

3 weeks 

Large fields 

Fair palliatJOn 

1 Patient 

TD 

4 000 r 

3 weeks 

l^rge fields 

Fair palliation 

5 Patients 

TD 

5 000 r 

3 3 5 weeks 

4 fields pm and arc 

4 of these rela 





tively symptom free 
clear 4 to 8 months 

3 cystoscopicallv 
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showed esophageal ulceration 

Attempting to appr'use the cfTcctivcncss of 
therapy on a group the first of whom was 
treated 18 months ago the hst only 4 months 
ago, on the surface appears to be stupid and 
fair neither to author nor reader To have no 
answer at all is more stupid To have the right 
answer to what is being accomplished by Co^® 
at so early a date is impossible Our figures 
are presented for what they arc worth realiz 
mg they will alter month by month until 
stabilized by the conventional 5 year period 
Of the 84 patients with bronchogenic cancer 

15 are excluded mainly because treatments 
were discontinued within a few days or the 
patient died within a few weeks from cerebral 
or spinal metastases or the treated cancer 
was metastatic rather than primary in the lung 
Of the remaining 69 19 received no hencfil 
whereas 50 or 27 5 per cent have proved 
worthwhile — some of short duration some 
dramatic Twenty three of those receiving 
palliative benefit are dead 27 arc alive 4 to 

16 months 

DOSAGE EXPERIENCES IN 
CARCINOMA OF THE RECTUM 

Bulky rectal carcinoma of the ampulla in 
operable because of extent or age or recur 
rent rectal carcinoma within the pelvis or pen 
neum is worthy of palliative therapy Thirty 
three such rectal patients mostly advanced or 
recurrent were available for study up to De 
cember 31 1952 Eight were not benefited 
1 perforated 25 or 75 per cent were appre 
ciably helped and therapy m this group was 
fully justified Dosage observation and re 
sponse m this rectal group ha\e prompted the 
recommendation of postoperative cobalt Ini 
tially selection will probably be determined 
by the presence of local extension metistasis 
to lymph nodes or degree of anaplasia 

It IS apparent from our dosage experience 
m this group of patients with cancers of 
marked radioresistance that a tumor dose of 
5 000 r m 3 weeks should be the aim if 
treatment volume is limited to 8 to 10 cm 
Some patients tolerated this dosage without 
incident an ei^uat number experienced ^sti 
tis and proctitis of a seventy sufficient to create 
an annoying anxiety In the group of patients 
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with recurrent cancer in the perineum a single 
field to 15 X 15 cm has been used and daily 
dosige given Posterior urethritis is annoying 
ns the given dosage approximates 5 000 r In 
the group with recurrence within the pelvis 
through and through palliative fields to a cen 
tral tumor dose of 3 000 to 4 000 r m 3 to 4 
weeks has been our objective Where the 
tumor IS primary and within a spherical field 
of 8 lo 10 cm X 3 to 4 portal pm and arc 
radicil technic is used Two such patients 
went beyond the year without symptoms but 
both have subsequently shown early local 
recurrences 

DOSAGE EXPERIENCES IN 
CARCINOMA OF THE STOMACH 

Bulky carcinomas of the stomach without 
obstruclion in the frail or elderly individual 
deemed inoperable have proved a fruitful 
and inlcreshng study Pam and slow bleeding 
have cleared appetite has been restored and 
ability to consume bigger meals has been 
noticed wjih sufficient consistency to carry on 
an energetic dosage study m this group Radio- 
graphic improvement is the rule as is radio- 
graphic recurrence followed later by a return 
of symptoms Two of our patients have gone 
beyond the year most are in trouble within 
4 to 6 months Several have had no apparent 
radiation sickness Two have had delayed (6 
months) perforations Up to December 31 
1952 of 20 patients with gastric cancer noth 
ing was achieved m 10 palliation was worth 
while m 10 although 4 of these arc dead and 
the remaining 6 are alive 5 to 16 months 

Central tumor dosage has been achieved by 
parallel opposing fields varying in size from 
15 X 15 cm to 20 x 20 cm 3 000 to 3 500 r 
T D in 3 to 3 5 weeks is readily accomplished 
Rotation therapy and the possibility of syn 
ergistic chemotherapy should hold additional 
promise 

A hollow viscus may be endow-ed with 
some natural reparative ability but its restora 
live power as the tumor melts away is woefully 
lacking and is the constant mental check on 
our desire to carry the dose to a lethal point 
Be this as it may the renewal of a patients 
mterest in the T bone steak has its quiet 
compensations 
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Protection in Radiation Therapy 


Eugene T Leddy 


HISTORIC DEVELOPMENT 

The earliest worLcrs m roentgenology had 
no reason to anticipate an) iniurious eilects 
trom roentgen rays and made little attempt 
at protection 125 28] Hots ever ssithin a 
period o( ninety days after the publication of 
Roentgen s Prelmmao CommtmieolMti sus 
picion vsas aroused that roentgen rays or 
something else evolved m the production of 
such ta)s might hate some ill effect on living 
tissues [5, 8] 

It Stas first thought that protection vsas 
ncccssar) only against the roentgen rays 
emanating directly from the target and the 
tubes were surrounded by metallic plates or 
encased in ssooden botes painted ssith many 
coats of sshile lead The actual time at sshich 
lead glass first nas used as a protective dc 
MCC IS uncertain but it vsas used by some of 
the earliest imcstigators 

Roentcen appreciated the presence of scat 
tered radiation but attention svas first drawn 
to Its possible danger about 1903 when a 
multitude of dcsices such as hoods aprons 
jackets closes and goggles sshich could be 
worn by the roentgenologist came into use 
Howeser because their bulkincss restricted 
the actions of the roentgenologist protective 
dcsiccs sscrc built into the roentgen raj ap 
psratus 

The cndcasor to establish the masimil dose 
of roentgen rass that could he tolerated con 
linuousls and safcls bs the human body had 


been undertaken as carls as 1902 bs Rollins 
He said that if a photographic plate is not 
forced in 7 minutes the radiation is not of 
harmful inlensits for nearls continuous <\ 
posufc Kassabian (1910) pointed out the 
ncccssits of measuring the total dosage and 


rcviessed the efforts that had been made up 
to that time 

The first organized step toward protection 
acainst injurj svith the roentgen rajs ssas 
made in June 1915, by the British Roentgen 
Society [46] 

Attention ssas focused on the need for pro 
tcction in a most unpleasant and vivid man 
ncr as a result of a succession of deaths from 
aplastic anemia These deaths which occurred 
about 1920 or 1921 may have been the re 
suit of the excessive exposures taken bj 
roentgenologists tn hospital work during 
World War 1 The resulting publicity stim 
ulated action and as a result workable safety 
measures were established 

France appears to have been one of the 
first countries to set up safelj regulations -ind 
this was accomplished shortly after World 
War I The few original regulations while 
Ihej had a certain degree of legal standing 
graduallj were neglected 

In Germany the Standardization Commit 
tec of the Deutsche Roentgen Gescllschaft 
first met in 1917 and under the supervision of 
the Reich ansialt established a standardization 
of roentgenologic apparatus 

The first permanent Roentgen Ras Protcc 
lion Committee was formed bj the American 
Roentgen Ray Society in September 1920 
and rules governing radiation protection were 
formulated at their annual meeting in Scp< 
tember 1922 In 1921 several medical and 

n«"»u ? rt lli^ rapi 1 ndTnncr In fl Id nf 
rtdi'ill r» I r iKllon I>oct< r 1 1> x lUnfX"* 

nn I <1 ml •• I) rl>T| t r hi- 1 -• n xul J -< I 1 tr> 
maj r m lUlfilloin 1 > ih<* r lit rx In < r 1 r In i r 
F nt ih l-Llf l tfct mm ii 1 U prolrv II n «l.in II h 
ol^l u»lr Impnxslbl to pr *tnl all fact rx tv^rtaln 
Inc to protection from I nltlric ra llatlonx hence 
certain I'ertlnenl mat rial h ix t-een x lec|p«l to 
•hon Ih xcriie an I nrcttrul of Innlllni; this In 
crea Incly alial it Mem 
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radiologic groups m Engl »nd formed a co op 
erative commitlcc that published the first 
general set of prolcctisc rccommcodi 
tions [60] In substance these two sets of 
recommendations were ruuch the same and 
the fundamentals of protection pul forth in 
the reports of these two original commiltC(.s 
have remained essentially unaltered The legal 
status of safely recommendations was brought 
up at the outset ind it is important to note 


Protection and Ircafmenf of Itadlalion Readioiu 
taken from them almost verbatim The Con 
gross subsequently adopted these tentative 
recommendations and appointed an Inter 
national Committee on X Ray and Radium 
Protection The Fourth International Coneress 
of Radiology, which met in Zurich m 1934 
made no essential modifications in the previous 
recommendations but made tentative sugecs- 
tions for protection against injury with super 
voltage roentgen rays and large quantities of 



Fig 29 1 Failla thermionic radon meotunng opporetul ihowmg meaiunng wnt m Fo'* 
ground and remote control recording meters 20 feel away 


that in no country do such recommendations 
have a strictly legal recognition 

Protection against injury with radium and 
roentgen rays was discussed at the First Inter 
national Congress of Radiology London m 
1925 but no official action was taken At the 
Second Congress held at Stockholm in 1928 
representatives of three of the countries that 
had protective recommendations agreed in 
formally on a set of proposals for international 
adoption which were based on the early 
British recommendations and were m fact 


radium and considered m greater detail sev 
eral of the protective recommendations con 
ceming the roentgen rays The influence o 
these protective recommendations has be 
come very evident [64] Manufacturers o 
roentgenologic apparatus both m this country 
and abroad now emphasize m an impressive 
way the protective features of their machines 
In addition to the International Protection 
Committee most countries now have their 
own permanent committees to deal with the 
specialized problems that arise continually In 


Profectjon m Radiation Therapy 
England the National Physical Laboratory 
stands ready to test and certify protective 
devices Although this service is optional it 
has the full support of manufacturers roent 
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Committee on X Ray and Radium Protection 
whose purpose is to serve as a liaison between 
the radiologic profession the U S Bureau of 
Standards and the International Committee 



gcnolocisu and hospitals The U S Bureau 
of Standards docs not foster ans general out 
side inspection nor have funds eser been 
authorized for this purpose It docs howeser 
test and ccrtifs protcctisc materials ami cen 
curs m the rccommendmons of the Safet) 
Commitiec appointed b\ radiolocic groups 
1103 In ihis counir) there 1$ also an Advisorj 


This group composed of representatives of 
the \anous ndiologic and medical societies 
nnd manufacturers of roentgenologic equip 
ment has prepared a set of detailed rccom 
rocndations that arc published at intervals m 
the journals of both the American Roentgen 
Rav SociCt) and the Radiological Society of 
North America 
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Proledlon and Treatment of Radiation Reactions 


The National Committee on Radiation Pro 
tection, whose function is the investigation of 
protection against radiation operates under 
the sponsorship of the National Bureau of 
Standards and with the co operation of the 
leading radiological organizations It was 
formed upon the recommendation of the Infer 
national Commission on Radiological Protcc 
tron The following parent organizations com 
prise the main committee American College 
of Radiology Amcntan Medical Association 
American Radium Society American Roent 
gen Ray Society, National Bureau of Stand 
aids National Electrical Manufacturers 
Association Radiological Society of North 
America US Air Force US Army US 
Atomic Energy Commission U S Navy and 
U S Public Health Service 

The recommendations of the National Com 
mittec on Radiation Protection arc published 
in a senes of handbooks bj the National 
Bureau of Standards of the U S Department 
of Commerce and are available from the 
Superintendent of Documents Washington, 
D C at slight cost The reader is referred to 
these for detailed recommendations on radia 
tion protection 

The International Commission on Radio* 
logical Protection s^hich met in Geneva in 
1956 adopted practically all of the recom 
mendations of the National Committee on 
Radiation Protection of the United States 
These recommendations have not been pub 
lished at the present writing (1958) 

Brown in American Martyrs to Science 
Through the Roentgen Rays has recorded the 
sufferings that carelessness and the indifferent 
use of roentgen rays produced in pioneers not 
conversant with risks of injury from exposure 
to these rays 

The exposure of whole populations to irradi 
ation — the result of fall out from thermo 
nuclear explosions — and the increased use of 
radioactive materials both m medicine and in 
industry have demanded painstaking and 
critical evaluation of protection against radia 
lion with definitive expressions of maximum 
permissible dose in various types and dura 
tions of exposure to ionizing radiations 

The annual natural background dose from 
various sources to gonads and bone marrow 
expressed m millirads per year is given by 


Laughlm Meurk, Pullman and Sherman [331 
as follows 
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MAXIMUM PERMISSIBLE RADIATION 
EXPOSURE 

The maximum permissible dose (MPD) for 
radiation exposure has been steadily lowered 
through the years as more is learned concern 
trig the occult and cumulative effects of loniz 
ing radiation as may be seen from the fol 
lowing 

1 The International Committee on X Ray 
and Radium Protection (1934) recommended 
a tolerance dose of 0 2 r/day or 1 0 r/wrcek 

2 The U S Advisory Committee on X Raj 
and Radium Protection endorsed the value of 
0 2 r/day in J931 and the value of 0 1 r/day 
in 1936 

3 The USX Ray and Radium Protection 
Committee (1941) set 0 I ^g radium deposited 
in the body as a tolerance limit This limit is 
considered to correspond to 10 * /iC of radon/ 
cc of inhaled air or 10 • fic of radon/cc in 
expired atr 

4 The U S Atomic Energy Projects 
(1942) adopted 0 1 r/day as the maximum 
permissible exposure to X and gamma radia 
tion 

The permissible dose from external sources 
of ionizing radiation recommended by the 
National Committee on Radiation Protection 
was published m National Bureau of Standards 
Handbook 59 in 1954 and m an insert to that 
Handbook dated January 8 1957 (381 Since 
publication of the handbook the National 
Committee on Radiation Protection and Mcas 
urement has continued the study and review of 
Its recommendations particularly with respect 



Trotection m Radiation Therapy 
to genetic effects and the possible shortening 
ot average life expectancy due to radiation ex 
posure of a larger fraction of the population 
The "NCRP agreed upon the foimnlaUon of 
revised recommendations on maximum per 
misstblc doses which integrate the national 
and international views for practical appli 
cation 

The Committee recommends that existing 
installations should be modified to meet the 
new recommendations as soon as practicable 
and that the new MPD limits should be used 
m the design and planning of future apparatus 
and installations Because of the impact of 
these changes and the time required to modify 
existing equipment and installations it is rec 
ommended on the basis of present knowledge 
that a conversion period of not more than five 
\cars be adopted within which time all neccs 
sary modifications should be completed 
The following is from the Committee s 1957 
recommendations [381 

Definitions 

For the purposes of this preliminary statement 
the following tentative definitions are given 
CoiilroUed area A defined area in which the 
occupational exposure of personnel to radiation 
or to radioactiic material is under the supervision 
of a radiation safety officer (This implies that a 
controlled area is one that requires control of 
access occupancy and working conditions for 
radiation protection purposes ) 

)( orUoaJ The output of a radiation machine 
oi a radioactive source integrated over a suitaMe 
time and expressed in appropriate units 
OccMpariQ faefor The factor by which the 
workload shouSd be multiplied to correct for the 
dCj.rce or type of occupancy of the area m ques 
tion 

ROr thise RRF stands for relative biolOj.jcal 
cficctiscncss An RBE dose is the dose measured 
in rems (This is discussed in the forthcoming ic 
port of the Inicmational Commission on Radio 
logical Unils snd Measurements ) 

MPD Rocommondations for Oeeupcstional 
Conditions (Controlled Areos) 
t /trenmidoird dose The maximum permis 
siblc accumulated dose in rents at ant ace is 
cqinl to 5 times the number of jearv beyond ace 
Ih proiided no annual increment exceeds J5 
terns Thus ihc accumulated MPD = S(H jg) 
terns where N is the ace and greater than ]8 This 
applies to all critical orgsns except the sVm for 
whi h the salue is double 
2 HerUy d, je The previous permissible 
weekly who}- body dote of 03 rem and the !3 
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week dose of 3 rems when the weekly limit ts 
exceeded are stiff considered to be the weekly 
MPD with the above restriction for accumulated 
dose 

3 Emereercy dose An accidental or emer 
gency dose of 25 rems to the whole body occur 
nng only once m the lifetime of the person shall 
be assumed to have no effect on the radiation 
loierancc status of that person 

4 Aferficaf dose Radiation exposures resulting 
from necessary medical and dental procedures 
shall be assumed to have no effect on the radia 
1 on tolerance status of the person concerned 

MPD Recommendations for the Whole 
Population 

5 Tlic maximum permissible dose to the 
gonads for the population of the United States 
as a whole from all sources of radiation mclud 
ing medical and other manmade sources and 
background shall not exceed 14 million rems per 
million of population over the period from con 
ception up to age 30 and one third that amount 
m each decade thereafter Averaging should be 
done for the populaiion group m which cross 
breeding may be expected 

Recommendations for Infernal Emitters 

6 In controlled areas the permissible radiation 
levels for internal emitters will conform to the 
general principles outlined above Where the cni 
icat organ is the gonad or the whole body the 
maximum permissible concentrations of radio 
nuclides in air and water will be one third the 
values heretofore specified for radiation workers 
Where single organs other than the gonads are 
regarded as the critical organ the present maxi 
mum permissible concentrations will continue 
For individuals outside of controlled areas the 
maximum permissible concentrations should be 
one tenth of those for occupational exposures 
lEonoRS Note In April 1958 the National 
Commillee on Radiation Protection tentatively 
eliminated the maximum permissible weekly dove 
of 0 3 rem while retaining the 13 week dose of 
3 0 rems For design purposes an average dose of 
5 0 rem/)car or 100 mrem/wcek should be used 
for controUcii areas and 0 5 rcm/ycar or 10 mr/ 
week for outside of controlled areas 1 

Discussion of Revised Recommendotions 

7 The MPD for occupalional exposure is 
based on the absence of deicctabL injury to the 
individual It remains at its prevent level of 0 3 
rcm/wcck for the whole body Where the dove m 
any week exceeds this value a dose of 3 remv m 
15 weeks may be accepicd The 13 week period 
may start at the beginning of the calendar quarter 
or the beginninc of the week dunng which the 
permissible weekly dose was exceeded 

8 Some of the rules will be modified by pro 
\isionf related to an average yearly hmilation of 
tKcupalional exposure to external sources of ion 
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izing radiation of 5 rcms to the blood forming 
organs gonads and lens of the eyes and of 10 
rems to the sKin The use of S rcms in the 
statement of the revised rules is for the purpose 
of design and administration The eritical limita 
tion will be that defined for the total accumulated 
dose in paragraph 1 above 

9 If a persons occupational exposure ts docu 
mented or otherwise known with reasonable cer 
tainty he may be permitted to use h»s reserve 
exposure m accordance with paragraphs I and 2 
above In all other cases he shall be assumed to 
have received his maximum accumulated dose as 
indicated m paragraph 1 above 

10 It IS considered that with the current and 
proposed low levels of occupational exposure it 
IS presently not necessary to make special allow 
ance for medical exposure in conjunction with 
occupational exposure This consideration may 
later become important The effects of medical 
exposures have long been considered by this Com 
mittee to be the responsibility of the attending 
physician it is his responsibility to evaluate med 
ical radiation exposure in relation to the health of 
the individual 

1 1 In the determination of the population dose 
in the vicinity of radiation sources proper consid 
e ation should be given to occupancy factor and 
to workload The exposure of individuals outside 
of controlled areas may be integrated over periods 
up to one year 

12 While at the moment it is not feasible to 
determine the average exposure for the population 
with any reasonable accuracy the adoption of 
some figure is necessary for planning purposes 
For the immediate future it may be assumed that 
the total integrated RBE dose received for all 
radiation workers will be small m companson 
with the integrated RBE dose of the whole popu 
lation Furthermore persons outside of controlled 
areas but exposed to radiation from a controlled 
area constitute only a small portion of the whole 
population Therefore if this small portion is 
assumed to receive yearly an average per capita 
dose of 0 5 rem the total dose to the whole popu 
Idtion from manmade radiations is not likely to 
exceed 10 million rems per million of population 
up to age 30 (This assumes a dose of 4 million 
rems per million of population over this age 
period from background radiation ) 

PROTECTION FROM INJURY BY 
ROENTGEN RAYS 

The dangerous biologic effects from loent 
gen rays necessitate adequate protection not 
only of the patients but also the physicians 
and other personnel Since the intensity of 
radiation decreases by the inverse square law 
one of the most important protective measures 
IS to insist that all personnel remain as far 
away as possible from all sources of radiation 


Protection and Treatment of Radlailon Reactioni 
whether or not there is intervening direct 
protection 

In general one should realize that no pro- 
tcction against roentgen rays can be absolute 
By the well known equation for intensity 
after passage through an absorptive medium 
/ = / E — »/, unless t IS infinite I will always 
have a decreasing and possibly a very small 
value Actually, after the passage of roent 
gen rays through several millimeters of lead 
the value of / becomes negligible One other 
more important but purely physical coasid 
cration of protection should be remembered 
that the absorptive and protective value of 
any medium is a function of the wavelength 
of the radiation against which it protects and 
because of selective absorption great vana 
tions may occur m its absorptive and there 
fore in its protective value Furthermore the 
absorption of roentgen rays by any medium » 
great at a wavelength just below the wave 
length of Its selective absorption the absorp 
tion at a wavelength just above this cntical 
selective value is conversely low 

In addition to any selective absorption as 
the voltage at which roentgen radiation is 
produced is increased the general absorption 
by the metal rapidly decreases and there « 
consequently great variation m the protective 
value of the material 

Protective Materials 

The two most important protective elements 
are lead and barium The values for the vvave 
length of their K radiations are 0 141 Ang 
Strom units (A) or 40 000 volts for barium 
and 0 330 A or 80 000 to 90 000 volts for 
lead Above these values the absorptive valu s 
will be much lower than they will be just 
below these voltages It is therefore necessary, 
when the equivalent lead value of a pr<^ 
tective material is given that the wavelength 
or voltage at which the material has been 
tested should be stated 

The protective materials most commonly 
used are sheet lead lead glass lead rubber, 
and banum plaster 

SHEET LEAD 

As a protective substance metallic lead is of 
greatest importance but it is not to be re 
^rded as ideal because of its great weight 
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Furihermore the metal in thick la\crs is not 
flexible and where lead plates are used re 
peatodly cracks from bending the lead may 
let roentgen rays through m unwanted quan 
titles Other disadvantages arc that lead is diffi 
cult to keep clean and it is a good conductor 
of clcctncuy and picks up static charges 
Best practice recommends that sheets ot 
lead be welded and not nailed together as 
nai) holes may permit the leakage of roent 
gen rays These disadvantages ot sheet lead 
of course do not come into serious considera 
tion when lead is to be used for purposes oihsr 
than the direct protection ot the patient The 
use of sheet lead near the j. ray tube is 
limited A tube hold(.r lined with sheet Icid 
requires a certain minimal distance bciwtcn 
the tube and the holder to prevent a spark 
from passing over to the lead especially when 
the voltage IS high furthermore the cnclos 
tng of an % ray tube by sheets of metallic lead 
produces the cquisalcnt of a condenser thit 
mav cause the operation of the tube to vary 

VtAD GVA5S 

Lead glass is glass that contains lead salts 
It normally his i greenish tinge but the most 
heavily impregnated glass may be green and 
contain fiO per cent or more of lead The 
modi.rn vancis is even in thick sheets free 
from flaws and of Uniform protcctisc value 
Most lead glasses have i protcctisc coefTicicnt 
of Old to 019 in order to havv. the pro- 
tcctivc equivalent of inch (0 46 cm ) of 
Icid the gtass must be about 1 inch (2 5 cm > 
thick Tins pi iss IS commonly used for the 
bowls of tubes or for windows m the control 
booth for medium solt icv x ray 

ieao rubber 

I cid TiibKr should be mide of a coosl 
grade of rubber ind should bi\c untfotmlv 
disuihutcd throughout it the equivalent of at 
feist I mm of Ic id per centimeter of thick 
new (621 B nonconductisc flexible caw 
to keep clem and ins a lone life unless it js 
abused |(s great disadsantjcc is its htch cost 

barium plaster 

Barium cement or plaster has a great aj 
'antaee over sheet leid for protection of 
Viatic as it IS m'l a s« nvliKtor if clcvUtLitv 
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Moreover u is cheaper than lead Various 
concretes with different percentage compost 
tions of iron lead or barium ores have been 
introduced Composition walh have been used 
only occasionally m America except for pro 
tcction against supcrvoltage roentgen rays 
(discussed later) but the usual preference 
has been for metallic lead 

OTHER PROTECTIVE MATERIALS 

Various other protective materials of more 
or less unknown or secret composition base 
been introduced from time to time These 
should be regarded with suspicion Usually 
they arc made of lead or barium salts held 
together by a binder Although their initial 
cost may be low their period of usefulness is 
short as they usually crack and crumble after 
a short time Compounds of lead and plastic 
matctidls hav*. not been used extensively in this 
country, and have been used for insulation 
rather than for protection 

Direct Protection of the Pntienf 

At the Mavo Clime the fields are outlined 
m indelible ink on the patient s skin Along 
the margin of the field one or more strips ot 
lead rubber about 1 cm thick approximately 
2 5 cm (1 inch) m width and of a length 
greater than the treatment field arc pasted 
onto the patients skin with idhcsisc tape 
Over them is laid (outside the field) a sheet of 
lead rubber By this means the intensity of 
radntion just outside the field of treatment is 
reduced to S per cent or less and an adjacent 
field as neat as 0 ^ cm can be irradiated with 
pvrfcct safety Since the sheets of lead rubber 
ire of suRictcnl sire to cover the patients 
bod) and 1 portion of the table m addition 
the intcnMty of sccondirv radiation emerging 
into the room from the patient ind the table 
IS mxtkcdlv reduced 

\Shcn a moderate voltage (135 kv) is cm 
ploved m treatment the portion of the patient s 
bodv bevond the field of trciimcnl is covertd 
wuh kad rubber which has i protective cquiv 
atent of at least 3 mm of lead MTicn roent 
gen ravs that ire genented at 200 kv ire used 
the ridntion is confined b\ lead cones m 
iddiiion to the use of JeaJ rubber I eaj or 
lead rubber cm be adapted to protect the 
eyes the testers or ovaries or other seiiMtive 
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portions of the body, as clinical experience 
demands [15] 

Protection of Technicians 
It IS well known that those who sustain 
even the smallest daily doses of x nys may, 
in time and as a result of cumulation of 
biologic effect manifest evidences of severe 
and sometimes fatal injury It is to be recom 
mended that principles of protection should 
be printed in large type and hung up m each 
roentgenologic department for attention of the 
personnel 

Some form of a sensitive dosage meter or a 
Geiger counter may be employed, or the 
operator may carry on his person a small 
portable ionization chamber or a piece of 
photographic film This last mentioned device 
IS very sensitive and a blackening of the film 
that IS just clearly visible corresponds to about 
0 01 to 0 02 r 

The harmful effect of scattered radiation has 
been emphasized (16 26] and m a busy roent 
genologic department such radiation may be of 
the greatest danger Fortunately improvements 
m construction of loentgenologtc apparatus 
and the adoption of specifications that pre 
vent electric shock and injury with roentgen 
rays have to a great extent reduced the neces 
sity for other devices to protect against see 
ondary radiation However since the output 
of roentgenologic machines is much greater 
than It was previously, much thicker protect 
ing walls of lead are necessary 

Protection Against Ozone and 
Nitrogen Fumes 

Electric discharges from a roentgenologic 
apparatus may ionize the air and produce 
noxious gases thereby playing a role in roent 
genologic reactions on the part of the patient 
In well installed roentgenologic equipment the 
leads are made corona proof a self protecting 
X ray tube is used and ionization of the air 
in the room is reduced to a minimum How 
ever a good ventilating system with or with 
out suction fans is to be advised on general 
principles m any installaUon of apparatus for 
the administration of roentgen therapy 
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RECOMMENDATIONS ON X RAY PROTEC 
TION OF NATIONAL COMMITTEE ON 
RADIATION PROTECTION 

The following excerpts are from the Na 
tional Bureau of Standards handbook on x ray 
protection [39] 

DeRnitions 

Because the correct interpretation of a state 
ment frequently depends upon the precise mean 
ing given to one or more critical terms the fol 
lowing definitions arc given for certain words and 
phrases as they arc here used 
Shall denotes that the ensuing recommendation 
is necessary or essential to meet the currently 
accepted standards of protection 
Should IS recommended indicates advisorj 
recommendations that ore to be applied when 
practicable 

Aluminum eqimalent The thickness of alumi 
num affording the same attenuation under speci 
fled conditions as the matenal in question 
Alleniiation The decrease in the dose rate of 
radiation in passing through a material 
Concrete egiinalent The thickness of concrete 
based on a density of 235 g/cm* (147 
affording the same attenuation under specified 
conditions as the material m question 

Dose The quantity of radiation in roentgens at 
a given point measured in air The expression 
measured in air has a definite meaning in rad* 
ology namely that the measurement is made at a 
gwen point in the radiation field without the pres 
ence of the human body or substitute scattering 
material 

Uaifxalue layer (HVL) The thickness of at 
tenuating material necessary to reduce the dose 
rate of any x ray beam to one half its onginal 
value The half value layer shall be the half value 
layer in the region of the dose rate considers 
Lead equivalent The thickness of lead affo™ 
ing the same attenuation under specified condi 
lions as the matenal in question 

MiUiroentgen (mr ) A submultiple of the 
roentgen equal to one thousandth (1/1000) of a 
roentgen 

Monitoring Periodic or continuous determina 
lion of the dose rate m an occupied area (area 
monitonng) or of the dose received by a person 
(personnel monitoring) 

Occupancy factor (T) The factor by which tM 
workload should be multiplied to correct for 1 5 
degree or type of occupancy of the area m qu®* 
tion , 

Occupied area An area that may be occupie 
by pereons or radiation sensitive materials 
Protective barrier Earner of attenuating ma 
nal used to reduce radiation hazards 

Primary protective barrier Barrier sufficient 
attenuate the useful beam to the required 
Secondary protective barrier Barrier sufficie 
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to attenuate the straj radiation to the required 
degree 

Diagnostic type protectne tube housing One 
that reduces the leakage radiation to at most 1 0 
r/hr at a distance of I m from the tube target 
and I 0 r/min. at any point on the surface of the 
housing when the tube is operating at Us maxi 
mum continuous rated current for the maximum 
rated soltage 

Therapeutic type protects e tube housing One 
that reduces the leakage radiation to at most 1 0 
r/hr at a distance of 1 m from the tube target 
and 1 0 r/min at any point on the surface of the 
housing when the tube is operating at its maxi 
mum continuous rated current for the maximum 
rated voltage 

Roentgen (r) The quantity of X or gamma 
radiation such that the associated corpuscular 
emission per 0 001293 g of air produces in air 
ions carrying 1 esu of quantity of electricity of 
either sign 

Use factor (U) The fraction of the workload 
during which the useful beam is pointed m the 
direction under consideration 

Useful beam That part of the primary radia 
tioo that passes through the aperture cone or 
other collimator 

Morkload (W) The working activity of a ma 
chine measured in milliampere minutes per week 

Planning. Surveys, and Inspections 
1 The structural shielding requirements of any 
new installation or an existing one in which 
changes are contemplated should be discussed 
with a qualified expert early in the planning stage 

(a) The expert should be provided with avail 
able data concerning the type use and kilovolt 
age of the machine to be installed in each room 
the expected workload the structural details of 
the building and the type of occupancy of all 
areas that might be affected bv this installation 


4 Protection survey 

(a) A protection survey should be made by or 
under the direction of a qualified expert of all new 
installations requinng structural shielding exist 
mg installations not previously surveyed and 
after every change that might increase the radia 
t on hazard 


(c) If safe use of the installation depends upon 
mechanical restrictions of the onentation of the 
X ray beam and limitations (voltage current time 
permanent filter and maximum aperture) m the 
output of the tube then an inspection shall be 
made to see that these restnctions are actually 
imposed 

(d) All interlocks shall be tested to make 
certain that they are operating properly A check 
shall be made to determine that there are a suflfi 
cient number of warning signs properly placed 
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(e) A preliminary survey shall be made with 
a suitably sensitive radiation-dctectmg instnimcnt 
which may be a Geiger counter an ionization 
chamber or a scintillation counter Every loca 
uon shall be tested that is habitually occupied or 
can be occupied while x rays are bemg produced- 

(f) Everv location that shows more than one 
fifth the maximum permissible dose shall be invcs 
tigated further with a radiation mcasunng device 
that IS suitablv independent of direction and qual 
It) or corrected therefor \ ray sensitive films 
and Geiger or scintillation counters may not be 
suitable for such measurements The x ray ma 
chine should be operating at its maximum rated 
voltage dunng these measurements 

5 Report of protection survey 

(a) The expert shall report his findings m 
writing to the person or agency requesting the 
survev and to the person m charge of the instal 
lation 

(b) Dose rates at cntical positions shall be 
indicated in milliroenlgens per hour If at anv 
ot the indicated positions the permissible dose is 
bkely to be exceeded in a 40-hr week the time 
that personnel can safely remain at this position 
or the maximum permissible workload shall also 
be specified 

Working Condilion* 

5 Personnel monitonnc 

(a) Personnel monitoring shall be required for 
each individual for whom there is any reasonable 
possibility of receiving a weekly dose of xrays 
exceeding one fourth the maximum permissible 
dose taking into consideration the use of protec 
tive gloves aprons or other radiation limiims 
devices except that if momtonng over a penod 
of 8 consecutive weeks shows that the dose does 
rot exceed one half the maximum permissible 
dose then the routine monitonng of that individ 
ual may be eliminated If the operating conditions 
are changed a new monitonn!! test over an 
8 week penod shall be made 

(b) It IS recommended that a qualified expert 
be consulted on the establishment of the monitor 
ing system Permanent records shall be kept of 
all personnel monitonnc results 

(c) Momtonng may be done with film badges 
pocket chambers or pocket dosimeters Periodic 
blood counts should not be regarded as a means 
of radiation monitoring 

6 Health 

(a) The person in charge shall be responsible 
for the protection of employees patients and 
authonzed visitors acainst radiation injunes and 
for the execution of health regulations for all 
employees 

(b) A pre-employment physical examination is 

generally advisable This should include a com 
plete. history a description of anv 

re to radiation resultinc from pre 
V \ accident or diagnostic or thera 


i 
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peutic exposure a family history with special 
emphasis upon hentable defects, and a careful and 
complete physical examination This last should 
include urinalysis chest film and a complete 
blood count the latter repeated after a month 
No further blood counts arc necessary except 
when the maximum permissible dose is exceeded 

(c) In the case of an exposure in excess of the 
maximum permissible dose an immediate blood 
count should be taken This is valuable for com 
parison with later blood counts 

(d) Reports of physical examination and blood 
counts should become a permanent record 

(e) Vacations should not be considered protec 
tion against overexposure to radiation 

Therapeutic X Ray InstoIIations Operated 

at Potentials of 400 Kv and Below 

1 Equipment 

(a) The tube housing shall be a therapeutic 
type 

(b) Permanent diaphragms or cones shall be 
used for collimating the useful beam and shall 
afford the same degree of protection as the tube 
housing Adjustable or removable beam defining 


exposure after a pre set time 

(h) A beam monitoring device fixed m the use 
ful beam is recommended to indicate any error 
due to incorrect fiffer milliampcragc or tilo- 
voltagc 

(i) Lead rubber lead foil etc used for limit 
ing the Held should transmit less than 5 per cent 
of the useful beam (Sec Table 7 ) 

2 Structural shielding 

(a) The required barriers should be a pernu 
ncnl part of the building or equipment Movable 
lead screens arc not recommended and shall not 
be depended upon above 100 kv 

(b) The cost of structural shielding can be re 
duced considerably by locating the treatment 
rooms as remotely as possible from occupied 
areas thus taking advantage of the reduction due 
to distance (inverse square law) This is particu 
larly true for the higher soltagcs where thicker 
barriers arc required Comer rooms arc especially 
suited the outside walls and windows do not re 
quire any protection if they are sulTiacntly distant 
from other occupied buildings and areas Consid 
cration should be given to future occupancy of 
nearby areas Where most treatments are given 
with the beam pointed toward the floor special 


TABLE 7 — Guide to Thickness of Adjustable Beakj Definivc Duphr«\«s 


Approriinate fitickness of atfenuaiing material necessary for the reduction of tht 
useful beam dose rate to 5 per cent at a potential of-^ 
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diaphragms shall not transmit more than 5 per 
cent of the useful beam obtained with the maxi 
mum treatment filter (See Table 7 ) 

(c) The filter system shall be so arranged as to 
minimize the possibility of error Filters shall 
be secured in place to prevent them from dropping 
out during treatment The filter slot shall be so 
constructed that the radiation escaping through it 
does not exceed 1 r/hr at 1 m 

(d) The X ray tube shall be centered and 
mounted so that it cannot turn or slide with re 
spect to the aperture A mark on the housing 
should show the location of the focal spot Spe 
cial precautions are necessary if the inherent 
filtration of the useful beam is very low 

<c) Devices shall be provided lo immobilae 
the tube housing during treatment 

(f) Open valve tubes may require shielding 

(g) A timer shall be provided to terminate the 


consideration shall be given to the protection of 
persons habitually m the rooms directly below tne 
treatment room . 

(c) The control shall be located outside tn 
treatment room for voltages above 100 kv 

(d) All wall ceding and floor areas that can 
be struck by the useful beam plus a border ot a 
least ! ft shall be provided with primary 

live barners All wall ceding and floo 

areas that because of restrictions in the beam 
onentation cannot be struck by the useful beam 
shall be provided with secondary protective bar 
Tiers 

3 Operating methods 

(a) The installation shall be operated in com 

pliance with any limitations indicated by 
protection survey , 

(b) No person who works with ionizing radia 
lion shall be in the treatment room during expo- 



Protection In Radiation Therapy 

sure No other person shall be there except when 
It IS clinically necessary If a person is required 
to hold the patient he shall not be m the useful 
beam and shall be protected as much as practi 
cable from scattered radiation 

(c) Both the patient and the control panel 
shall be under observation during exposure Pro 
vision for oral communication with the patient 
fiom the control room is desirable 

(d) The useful beam should be directed toward 
unoccupied areas whenever consistent with thera 
peutic requirements 

(e) The machine shall shut off automatically 
when the door to the treatment room is opened 
After such a shut off it shall be possible to turn 
on the machine only from the control panel 
Entrances to other areas of radiation hazard 
should be similarly protected by interlocks 

4 Special requirements for x ray therapy equip 
ment operating at potentials of 50 kv and below 

(a) Installations shall comply with the general 
requirements except that the operator is allowed 
to be in the treatment room during irradiation 
He shall take special care to avoid exposure to 
the useful beam Structural shielding generally is 
not required Because of the short target window 
distance and low inherent filter the dose rate at 
the tube aperture may be extremely high 

(b) The term grenz ray is used to describe 
very soft x rays produced at potentials below 20 
kx Because of the low penetration of these rays 
It IS not necessary to shield the operator or other 
persons in the treatment room unless they are 
exposed to the useful beam at a target distance of 
less than 3 m However it should be emphasized 
that grenz rays arc x rays and that they may cause 
the same t)pe of injunous cfTccts as harder x rays 
although limited to superficial layers of tissue 

(c) The term contact therapy is used to dc 
scribe shon-distance irradiation of accessible 
lesions The potential is usually 40 to 50 kv Be 
cause the dose rate at the surface of the window 
of the tube housing is sometimes as high as 10 000 
r/min rigid precautions are necessary to present 
accidental exposure to the useful beam The 
leakage radiation at the surface of the tube bous 
ing shall not exceed 0 1 r/hr If the tube is to be 
hand held during irradiation the operator shall 
wear protective gloves and apron \N hen the appa 
ratus IS not being used for treatment a cap (0 5 
mm lead equivalent) shall cover the aperture 
window of the tube housing The automatic timer 
shall be adjustable in graduations at least as fine 
as I sec 

(d) Special precautions shall be required m the 
therapeutic application of apparatus constructed 
With bervllium or other low filtration windows for 
both grenz raV and higher kilovoltage thcrapv As 
a dose rale of more than 1 million rocnicens per 
minute IS possible at the aperture adequate shield 
ing shall tv required against the useful beam and 
»rwal safeguards arc essential to avoid accidental 
exposures 


477 

(e) Machines having an output of more than 

1 (>bo r/min at any accessible place shall not be 
left unattended without the power being shut olf 
first at the control and then at the primary dis 
connecting means (i e wall plug or mam switch) 
These shall never be turned off m the reverse 
order 

Therapeutic X Ray Installations Operated 
ot Potentials Above 400 Kv 

The development and clinical ipplication of 
supervoltage roentgen therapy with the use of 
kilovoltagcs above 1 000 has introduced prob 
lems in radiation protection of e\er increasing 
complexity 

The National Committee on Radiation Pro 
teciion recommends [39] 

Permanent diaphragms or cones shall be used 
for collimating the useful beam and shall afford 
the same degree of protection as the tube housing 
Adjustable or removable beam defining dia 
phragms shall not transmit more than 5 per cent 
of the useful beam For 1 million volt machines 
this requires approximately 21 mm of lead for 

2 million volt approximately 43 mm of lead 

• • • 0 • 

All wall ceiling and Door areas that might be 
struck by the useful beam plus a border of at 
least 1 ft shall be provided with primary protec 
live barners Unless ihere is reason to assume 
olhcntise the workload should be taken at the 
largest value in the second column of Table 9 
and this should be multiplied by a use factor of 
one for the floor one quarter for the walls and 
one sixteenth for the ceiling and then further 
multiplied by the occupancy factor for the area 
that the barrier protects All wall ceiling 
and floor nrcos that because of restrictions in the 
beam orientation cannot be struck by the useful 
beam shall be provided with secondary protective 
barriers 

PROTECTION AGAINST INJURY FROM 
RADIUM AND COBALT 60 

It should be emphasized that repented ex 
posurc to radium or any radioactive sub 
stance even though the exposure is brief will 
result in some injury and that the cITcct is a 
cumulative one 

The fitd dose of radium if ingested is 
uvunll) recarded as 2 fig Evans concluded that 
about 45 per cent of the total amount of 
radium in the skeleton nnd other tissues in 
cases of chronic radium poisoninc gives rise 
to radon m the expired ntr that can be mens 
ured The remainder of the radium m the 
bod\ cm be determined b\ the gamma ra\s 





rroteclJon in Radiation Therapy 
from Its decay product radium C The rate of 
loss of radium by the patient is directlj mens 
ured by radium analjsis of the feces and 
urine, m cases of chronic poisoning 0 OOS 
per cent per day is eliminated 91 per cent of 
this amount in the feces and 9 per cent m the 
urine The mobilization of radium within the 
body IS studied by quantitative analysis of the 
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source and its filtration The stronger the 
radioactivity the less time will be needed for 
the incurrence of injury [18] The safe distance 
for 1 Gm of completely unprotected radium 
IS about 5 yards but if the radium is enclosed 
in a container with 5 cm lead walls the safe 
distance is reduced to about 1 yard 

Every radiotherapist who uses radium 



Fig 2V*3 l*od traniperfoi on bvgg •* ond bond con ort for radium and radon con 
lolntri (Courf*!/ Or Hugh Scott) 


radon prc'cnt m specimens of alveolar air 
Simple examination of exposed patients to 
delect an output of gamma radiation will dc 
lect chronic radium poisoning fne or six scars 
before any clinical symptoms appear 
The distance from the radium containers is 
one of the most important factors of saftts 
NMthout intcracning lead protection the dis 
lance at which radium is dinncrous depends 
m general on the sucncih of the radioaciise 


should perfect and rigidly obverse a non 
contact tcchmc By the use of suitable mstru 
ments such as long forceps it rarely will be 
necessary to pick up and hold with the fingers 
any preparation containing radium Provided 
that adequate precautions in obeying the law 
of inverse squares arc taken a person can 
handle radium for years without injury but 
carelessness will produce grave injuries As a 
rouch working rule it should be remembered 
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th^t doubling the distance from a radium 
source is equivalent to increasing the IciJ 
protection by 3 cm 

Attention should be called to the fact that 
protection values of lead against roentgen rays 
do not apply to gamma rays Materials lighter 
than lead arc normally more effective against 
gimma ravs than against roentgen rays In 
general it is accurate to assume that the ab 
sorption IS proportional to the density and 


Protection and Treatment of Hadlatlon Reaetloni 

active applicator should be carried in a closed 
lead box of appropriate thickness The radio- 
active substance should never be held above 
the level of the knees The importance of 
keeping away from radium is the prime con 
sidcration 

As there is the danger of possible injury to 
the health of some unsuspecting person when 
an applicator is not m its proper place it is 
essential that all applicators when not m xise 



Fig 29-4 C«ig«r cognter for mendonng radiation toureei 


therefore building materials such as brick or 
concrete are well adapted to protection against 
gamma rays 

As a factor of safety in addition to that 
offered by a noncontact technic it is advised 
that all manipulations of radium be carried 
on behind a lead screen The thickness of this 
screen depends on the quantity of radium to 
be handled The arms of the technician should 
work around a thick L shaped lead screen 
the vertical leg of the screen protects his 
thorax and the radium lies on the honzontal 
leg of the screen 

In those instances in which it becomes nec 
cssary to transport radium or radon any dis 
tance for treatment of a patient the radio 


be kept m a radium safe and a daily check of 
the applicators should be made 

Patients undergoing radium treatment 
should be confined to bed or otherwise k'’pt 
under constant and strict surveillance they 
should not be permitted to leave and stroll 
around for any pretext whatever In the 
event that the applicator slips out of position 
during treatment the nurse in charge of the 
patient should call the radiologist at once 
On the completion of treatment no bandages 
or dressings used by the patient should be 
destroyed until the radium applicator fans 
been checked and the radium stored in the 
safe 

When radium treatment must be given w 



Projection in Radiation Tlierap^ 
the large v-ard? it is desirable to tic onto the 
patients bed a large tag that warns all the 
inmates and personnel to Keep away from 
possible injur) at the same time the tag 
prevents diversion of the nurses attention to 
less important matters All details of the treat 
ment should be left to a nurse from the radium 
department and should not be entrusted to 
nurses on general duty 
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bmation of the following fictors (a) increasing 
the working distance from the source of radiation 
(b) reducing the lime of exposure and (c) inter 
posing attenuating (protective) barriers between 
the source of radiation and persons The first of 
the fiindanicntfll factors the distance includes 
the inverse square law and to a lesser extent the 
reduction due to the air absorption The air ab 
sorption IS small for gamma radiations considered 
here but is very large for particulate radiation 
Because of the short ranges of alpha particles 



Fig 29 5 A m«lhod of odm n sl«r ng tyttvm c rodio 
ocf v« iiotcpol iHel protrcti the penonnel 


RECOMMENDATIONS OP NATIONAL 
COMMITTEE ON RADIATION PRO 
TECTION ON PROTECTION FROM 
INJURY BY RADIUM AND 
COBALT 60 

The following arc excerpts from the Na 
lional Bureau of Standards hindhooK H?] 
which deals with protection icainst radiations 
from radium cobilt fiO and cesium 137 

Basic Principles of Rodialion Prelection 

The ultimate purpose of all radiation prnicclion 
measures is to maintain the dose recciscJ hv per 
wns at no more than the applicable maximum 
ptrmissiMe levels and to present damacc or im 
pairment of function of radiation sensitive films 
nther objects and m iruments Ibc dose re eived 
b> persons mav be reduced bv anv one or a com 


no prole lion is required acainvt them when the 
source remains intact While ben particles have 
consideraM) longer piths in air than alpha parti 
cles they are casilj stopped bj thin layers of 
nctal or plastic Usuall) such a layer is incorpo 
rated in the capsule scaling the source Protection 
against gimma ra)s because of their much 
greater penetration requires more detailed con 
sislcration and the barriers required arc much 
more expensive 

Useful heant The primary prole tive barrier 
tl icLncss may he obtained from (transmiwion 
dda o! radium cobalt fO and cesium throuch 
concrete iron and lead (37]! if the permissible 
irmsmission of radiation is known 

The permissible transmission // ma\ be calcti 
I lied frorn 

0 3/) 
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where 0 3* is the maximum permissible weekly 
exposure in roentgens D is dist mcc from source 
to position m question in meters W is total 
■weeUy exposure m the useful beam 'll I m from 
the source (obtained by multiplying the roentgens 
per minute at 1 m by the weekly irndiation time 
in minutes) and T is occupancy factor the frac 
tion of weekly irradiation lime during which a 
person is exposed 

Leakage radiation Equation (1) may be used 
to compute the barrier requirements for this radi 
ation where II' is the leakage radiation in roent 
gens per week measured at 1 m from the source 

Scattered radiation Radiation scattered from an 
irradiated object has a lower dose rate xnd is 
softer (of lower energy) than the incident beam 
Both the energy and dose rate of the scattered 
beam \ary with the angle of scattering However 
for moderate sized fields and scattering angles 
greater than 90 deg it has been shown that the 
dose rate of the scattered radiation (measured at 
1 m from the scatterer) is less than 0 I per cent 
of the weekly exposure at 1 m from the source 
for most practical eases The barncr required for 
90 deg scattered radiation may be obtained from 
[tabulated data [37]] if the permissible transmis 
Sion of radiation by the barrier is knosvn The per 
missible transmission D may be calculated from 


placed as near to the source as possible The bar 
ncr thickness is not reduced by this procedure but 
the area and therefore the volume are reduced the 
barncr weight is approximately proportional to 
the square of the distance between the source and 
barrier 

Concrete marble and similar materials gener 
ally provide the most economical barrier but lead 
miy be required where the space is limited or 
where it is desirable to reduce the weight 

All openings m barriers such as for doors 
windows pipes etc shall be provided with at 
least the radiation protection required for the 
surrounding barrier 

Joints between the same or different kinds of 
protective matcnal shall be so constructed as to 
provide the same protection as that required of 
the adjacent material 

Equipment and Facilities for Handling, 
Storage, and Transportation 

The equipment and facilities discussed in this 
section refer only to sources of intermediate 
cunage [millicunc] Microcunc and kilocurie 
sources are excluded. 

Handling Equipment 


0 35^ 3005" 

ooolur itr ’ 


( 2 ) 


where 0 3 [0 1] is the maximum permissible 
weekly exposure in roentgens 5 is distance from 
scatterer to position in question in meters IV is 
total weekly exposure in the useful beam at I m 
from the source (obtained by multiplying the 
roentgens per minute at 1 m by the weekly irradi 
ation time in minutes) and T is occupancy factor 
the fraction of weekly irradiation time during 
which a person is exposed 

Secondary protective barriers The rules given 
above for scattered radiation and for leakage 
radiation may be used to compute the secondary 
protective barrier thickness for each of the two 
separate effects If the barrier thicknesses so com 
puted separately are nearly equal (that is differ 
by less than 3 HVL) then 1 HVL should be 
added to the larger single barrier thickness to 
obtain the required total But if one of the thick 
nesses is more than 3 HVL greater than the 
other the thicker one alone is adequate 

Shielding If the shielding is adequate for the 
useful radiation it is also sufficient for leakage 
and scattered radiation It should be determined 
however that radiation scattered around the end 
of the primary protective barrier does not cause 
a radiation hazard 

For reasons of economy barriers should be 


EurroniAi- Vote Consideration Is being give 
toward reducing this value for the maximum pei 
ml slbte weekly exposure and future reference 1 
this value should txke an> such change Into coi 

sideration “ 


I block The preparation and disinantling of 
applicators incorporating sources or similar 
operations shall be carried out behind a 
live L block of such size and thickness “ . 

quately shield the operator The block snoaia 
have the following characteristics 

(a) The top should be provided with an m 
dined high density transparent visor or “ 
altematc arrangement for viewing , . . „ 

(b) The side next to the operator should 

a protective pad to keep bis tody at least 30 
from the point where the source is handled 
the block should be so placed on the worms 
table as to accomplish the same result witn 
such pad - 

(c) The inside corner of the L should pre 

ably be curved _ 

(d) For the usual L block having a 
lead equivalent of 5 cm the following 
weekly millicune hours at a distance of 3 
are permissible radium 160 me hr coca 
100 me hr cesium 137 360 me hr i,«„m 

(e) A lead lined well" or its equivalent snouw 

be provided near the L block so that the req 
radioactive sources can be held therein do e 
the preparation of an applicator 
Note The maximum weekly permissible dose 
of 1 5 r to the unshielded hands determmeyo 
above limits The weekly dose to the . 
the body shielded by the L block is less 
one third of the 300 me maximum permissio 


dose * 

EuiTORiAL Note These values 
being scaled lower 


gradually 
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Storage Facilities 

When not in use or in transit sources and 
applicators incorporating sources shall be kept in 
a protective enclosure of such material and wall 
thickness as may be necessary to insure that na 
person is exposed to more than 300 inr/week 
The enclosure should be provided with means 
to prevent unauihonred removal of the sources 
The protective enclosure may be advantageously 
located near the preparation work bench to re 
duce the exposure of personnel during transfers 
of sources 


The protective enclosure should be cons 
n such a way as to minimize as much as pos 
he exposure of personnel m the handling o 
ources Important factors to consider are 
listribution of the sources (b) shielding 
(ivided amounts and (c) time require y P 
onnel to remove sources from the enclos 
eturn them to it 

Consideration should be given to the scaue. 
adiation It is not sufficient to place large 
Tchind a barrier no matter how thic . 

-adiation scattered around it presents * , ^ 

Vhcre a large number of sources arc s 
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lead lined safe with lead filled tays may be used 
to advantage This permits the individual soun.es 
to be stored m holes in the lead of the trays 
Separate compartments should be provided for 
different types of sources 
Each compartment should be marked so as to 
permit immediate and certain identification of its 
contents from the outside It is highly desirable 
that lubes cells needles, etc be readily identifi 
able from a considerable distance as to theif type 
and activity When sizes and shapes are not ade 
quate other means should be employed 
The protection of the individual compartments 
and enclosures as a whole should be such that a 
person standing in front of the encIo:>ure m per 
formance of his duties receives in that time only 
a small fraction of the permissible dose 

Transportation Facilities 

Intramural transport carrurs Transportation of 
radioactive sources within an institution should 
be done only by means of adequately shielded 
earners In general lead is the most practical 
shielding matenal for earners 
Transportation by prnate car Dunng trans 
portaiion of radioactive sources by private car 
(such as by physicians m practice) the source 
should be in a transport carrier offenng adequate 
shielding to all occupants of the car 
The earner should be located as remotely as 
practicable from occupants (t should be suitably 
marked with the name and address of the owner 
a notice that the contents may be dangerous if 
removed and that the owner should be notified 
if the earner is found 

11 it IS necessary to leave radioactive matenals 
in an unattended car the container shall be 
locked in the car preferably in the luggage com 
partment 

Any loss or theft of radioactive material that 
may constitute s potential public hazard should 
be reported immediately to the local police or 
public health authorities 
Public transport containers The public trans 
poitation of radioactive matenals is subject to 
federal state and local regulations 

Those responsible for the shipment of sources 
should be familiar with the current regulations 
of the Interstate Commerce Commission Post 
Office Department and Civil Aeronautics Board 

Medical Applications— Interstitial, 
Intracavitary and Surface 
In the medical applications of radioactive 
sources there are five operational stages dunnp 
which radiation hazards may CMst 

(a) Transfer of sources from storage and 
preparation for use on patients 

(b) Transfer from preparation bench and ap 
plication to patient 
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(c) Irradiation of patient 

(d) Removal of sources from patient and 
transfer to preparation bench 

(e) Removal of sources from applicators 
cleaning and transfer from preparation bench to 
storage space 

Each of these stages and each type of source 
presents peculiar problems [Editors Note Each 
is considered individually m National Bureau of 
Standards handbook on Protection Against Radia 
tions from Radium Cobalt 60 and Cesium 137 

[ 37 ]] 

Precautions White Source Is in or on 
the Patient 

The bed i-ubicle or room of the hospital pa 
lient should be marked with a tag or sign stating 
what radioactive substance is being used the 
number and nature of the sources the total 
amount of matenal the time and date of apph 
cation and anticipated removal instructions to 
nurses and any remarks that would enable the 
source custodian to retrieve sources If the curiage 
of the sources is so dangerously large that occu 
pancy of surrounding areas should be restricted 
a special tag should indicate the danger range to 
discourage persons from remaining m the area 
unnecessarily 

The extent to which the patient with radio 
active material must be segregated depends upon 
the type of source and the total cunage its loca 
non on the patient how long it is to be on him 
how long his neighbon stay near him per week 
and to what other exposure those neighbors 
(patients or nurses) are subject Table 7 gives the 
distances for various millicune hours of radium 
cobalt 60 and cesium 137 at which a person will 
receive the maximum permissible weekly expo 
sure of 0 3 r 

Patients with removable sources in or upon 
their persons should not be permitted to leave 
the hospital or clinic 


TABLE 7 — Relation between Distance and 
Millicurie Hours for an rxposi/RE op 
0 3 r FROM AN Unshielded Source 


Millicune 

hours 

Distance to source 

Radium 

Coball 

60 

Cesium 

137 


ft 

ft 

ft 

10 

OS 

07 

04 

30 

I 0 

1 2 

06 

100 

1 8 

22 

1 2 

300 

30 

38 

2 1 

1000 

5 S 

70 

3 7 

3 000 

9S 

12 

65 

10000 

18 

22 

n 
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Protection Surveys 

An initial survey should be made of any facility 
to be used for the handling or storage of radio 
active sources This survey should include all 
storage containers transport carriers shields and 
leletherapy equipment The survey should be 
made by or under the supervision of a qualified 
expert who shall submit a suitable written report 
If any changes are made in the layout or 
shielding or if there is a possibility of a fault 
developing through cold flow in metallic shielding 
or through wear the survey should be repealed at 
appropriate intervals Such surveys should be the 
basis of limiting time of occupancy of certain 
areas or performance of certain duties if neces 
saiy 

For conditions where the dose rale Is expected 
to be low films may be used m making an ap 
proximate survey If indicated a survey should 
then be made with suitable instruments 
Ionization chamber measurements are required 
only if a prior scanning wilh a suitably calibrated 
Geiger Mueller or scintillation type of instrument 
indicates occupied regions to have a radiation 
level of more than one fifth of the permissible 
dose rate 


Radium Leakage 

All radium sources should be tested for con 
lamination upon receipt if facilities are available 
Sources certified by the National Bureau of 
Standards are so tested at the time of certification 
If there n reason to believe that a source has 
been damaged it shall be tested for leakage If 
facilities are not available locally it shall be sent 
to a qualified laboratory for test 

To test for leakage a Geiger Mueller or santil 
lation counter or an alpha survey instrument is 
required Each radium source to be tested can be 
placed close to or wrapped in an absorbent mate 
nal such as cotton or filter paper and left for at 
least a day preferably in a small sealed container 
The absorbent matcnal should then be checked 
for contamination with a suitable instrument 
The presence of contamination indicates a leak 
If radium leakage is gross or has existed for some 
time merely wiping the source and testing the 
wipe should show contamination This is also 
true for cobalt 60 and cesium 137 sources 

Sources that leak shall be placed in sealed con 
tamers and can be sent to a qualified laboratory 
for repair and measurement Containers and car 
ners as well as any other equipment that has 
had contact with the leaking source shall be de 
contaminated under the direction of a qnalified 
expert 


Radiological Safely Officer 
In every hospital clinic or laboratory handling 
radioactive sources there shall be a radiological 


safety officer The radiological safety officer shall 
be responsible for the establishment of satisfac 
tory working conditions according to current 
standards 

Any region that is easily accessible and that 
cannot be continuously occupied without exceed 
ing the maximum permissible dose should be 
posted to warn all concerned that this is a dan 
gerous area This specifically applies to regions 
where sources are stored or handled and areas 
where patients ate being treated The combina 
lion of the permissible working distance from the 
source and the exposure can be determined from 
Tables 8 and 9 


TABLE 8 — Protectiom Requirements for 
Rmsium in Centimeters of Lexd 


Milligrams 
of radium 

Thicknesses of lead required al a 
distance of — 

30 cm 

I m 

2nt 


48 kr/week 



cm 

cm 

cm. 

25 

66 



50 

8 1 

33 

07 

75 

90 

40 

13 

(00 

96 

46 

19 

200 

II 1 

60 

33 


12im/WEEK 


25 

38 

0 

0 

50 

52 

07 


75 

61 

1 3 


100 

66 

19 


200 

8 1 

33 




6 IIR/WEEK 


25 

25 

0 

0 

SO 

38 

0 


75 

46 

03 


100 

52 

07 


200 

66 

1 9 



Emergency Care for Possibly 
Contaminated Persons 

AU suspected persons should be surveyed for 
radioactive contamination 

If no monitoring instrument is available 
possibly exposed persons should be regar e 
contasuoated Wipes from various parts ® . 

bodies of these persons and their clothing 
be made with some type of disposable tissue 
paper or blotting paper and the samples plac 
m separate labeled envelopes for future study 
Contaminated persons should remove al c o 
mg carefully and place it in some type o 
posable container or bag If this is not avat a 
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clothing should be put on paper to prevent con 
lamination of floor and furniture This can be 
monitored later to determine the possibility of 
decontamination or the need for disposal 


TABLE 9 —Protection Requirements for 
Cobalt 60 in Centimeters of Lead 


Cohalt 

(rlim) 

Thicknesses of lead required at a 
distance of — 

30 cm 

1 m 

2m 
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cm 

cm 

cm 

0 1 

94 

55 

30 

03 

11 3 

75 

50 

10 

13 4 

95 

7 1 

30 

15 4 

11 4 

90 

100 

17 7 

136 

11 ! 



12 HR/WEEK 


01 

70 

30 

06 

03 

89 

50 

26 

10 

no 

72 

47 

30 

130 

9 1 

66 

100 

15 1 

11 1 

86 



6ltR/\VEEK 


0 i 

58 

1 8 

0 

03 

77 

39 

1 3 

10 

97 

59 

35 

30 

117 

78 

54 

100 

139 

10 0 

75 


Contaminated persons should then be covered 
lAith some t)pc of emergency clothing and taken 
to a shosser area for bathing 
Baihinc should be done under shossers and 
commercially available detergents and soaps can 
be Used Several separate washings should be 
performed Highly alkaline soaps abrasives or 
game solvents or cleaners that tend to increase 
permeability of the skin should not be used Spe 
cial emphasis should be gisen to cleaning of 
fingernails toenails nostrils scalp cars and body 
folds ‘ ^ 

Si.rub brushes should be used but care should 
be taken that the skm surfaces do not become 
abraded 

After the bods is well washed the person 
ihoatJ be surve)e<J with a suitable monitonng 
instrument and additional smears taken with dis 
r*^ahlc tissues cotion tipped applicators or filter 
The Car canals and nostrils should be 
swabbed for Contamination Smear tests arc espe 
cially important if alpha surscy instruments are 
noi available Fresh clothing should be put on 
Small cuts and oihcr breaks in the skin surface 
snould be sought for Carefully Mnvc ab^irption 
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of isotopes can occur bj this route Such lesions 
should be decontaminated after the above washes 
by repeated 5 mm scrubs after removal of scabs 
and crusts 

A physician should be called immediately to 
carry out the following medical studies on con 
laminated persons 

(a) Complete medical history and physical 
examination with special emphasis on previous 
occupational history and possible exposure to 
radiation should be secured A chest roentgeno 
gram should be obtained 

(b) Complete blood count including hemato 
ent reading and routine unnalysts should be 
done 

(c) Quantitative collection of urine should be 
made for the first 72 hours for assay of the iso- 
tope Each days specimen should be put in a 
separate container These specimens may be col 
lected in bottles containing 10 ml of dilute nitnc 
acid (approximately 10 ml of concentrated nitric 
acid per liter of water) for each 24 hr specimen 
An additional 10 ml of concentrated nitric acid 
should be added to the specimen after the collec 
tion t$ complete 

(d) Feces should be collected for the first 72 
hours for determination of radioactivity Each 
day s specimen should be put in a separate con 
tamer These can bi. collected in round I qt 
(I liter) ice cream containers 

(e) Breath samples should be taken for radon 
if the accident msolves radium 

(f) Arrangement should be made for surveys 
of the total body gamma radiation with a sensi 
tive measuring device 

(g) Within 72 hours blood should be taken m 
20 ml samples for determination of radioactivity 

(h) The specimens of urine feces and blood 
should be refrigerated and kept until arrange 
menis can be made for analysis at a qualified 
laboratory Proper collection and storage of these 
samples will be of great value to the contaminated 
persons and also m obtaining future data concern 
mg the metabolism of the isotopes involved 

Special Problems 

Failium The chief hazard of radium is the 
danger of retention of long lived alpha emitting 
isotopes in the body The amount of retention 
depends in part on the salt of radium used The 
insolubility of radium sulfate tends to permit less 
absorption in the body than in the case of the 
more soluble radium chloride and radium bro- 
mide 

Treatment for radium retained within the body 
should be earned out as follows 

(a) Gavtne lavage with 10 per cent magne 
Slum sulfate solution should be done as soon as 
possible 

(b) Daily purging with satire cathartics will 
tend to promoic excretion of radjum from the 
gastroenteric tract and this type of cathertic will 
act as a mild siimiilirt lo bile production Since 
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absorbed radium is excreted to ^ large degree in 
the bile such therapy rnay be of some value 
Administration of magnesium sulfate is sug 
gested since it will tend to precipitate soluble 
radium ions m the form of the insoluble sulfate 

(c) If cuts and other skin lesions cannot be 
adequately decontaminated surgical excision of 
the area should be considered 

Other isotopes Certain other radioactive iso 
topes are now being used widely both m s«led 
containers for local irradnlion therapy m milli 
curie quantities and also m tclcthcrapy installa 
tions in kilocurie amounts 

(a) Cobalt 60 The hazard of spillage from 
cobalt 60 is relatively small If Co»o sources arc 
not sealed in containers or adequate!) plated with 
gold or other coating some contamination may 
result from oxidation or corrosion of cobalt No 
attempt should he made to remove the protective 
plating of Co«o except by qualified laboratories 

The general procedures to be followed in the 
event of spillage have been described Dcconlami 
nation is best carried out by the use of vanous 
complexing agents such as the vcrscncs used with 
detergents If Co«o is introduced through the skin 
areas of local inflammation and possibly sterile 
abscesses may result Some Co<o will be earned 
to the liver and kidneys also After oral ingestion 
in rats Co<e is poorly absorbed from the blo^ 
stream via the urine and bile 

(b) Cesium 137 This isotope is usually pro* 
duced as powdered Cs SO, and then is utilized m 
a sealed container The radiation stability of 
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cesium 137 must be carefully evaluated since cer 
tame cesium salts decompose with evolution of 
oxygen Therefore the hazanls are similar to 
those of radium except that cesium is not a bone 
seeker 

Little IS known of the metabolism of C$'»r 
Studies m rats show that oral absorption is 100 
per cent with 45 per cent being deposited in 
muscle The half lime of elimination from muscle 
IS 15 dajs Ccsiumiar given parentcrally follows 
the same metabolic pattern TTie rale of elimina 
tion IS very much greater than its rate of radio- 
active deca) 

If Cs'ST escapes from a sealed container di. 
contamination can be done with aqueous solutions 
of detergents or dilute nitric acid 

Loss oj sources 

(a) Any loss of a source shall be reported im 
mediately to the radiological safety officer 

(b) All linen dressings clothing and equip 
ment shall be kept within the cubicle or room of 
a patient until all sources are accounted for 

(c) Each institution should have available one 
or more portable instruments capable of detecting 
gamma activity of less than 1 me at 10 ft. Usually 
instruments of the lonizalion-ehimbcr type arc 
less sensitive but more rugged than sursey meters 
Using Geiger Mueller or scintillation counters 
Geiger Mueller survey instruments when used in 
fields of high radiation intensity may fail com 
pletely to respond and thus give inexpenenced 
persons a false sense of secunty 



CHAPTER 30 


The Treatment of Radiation 
Reactions 


Rufh J Guftmann 


INTRODUCTION 

The treatment of local portal reactions after 
irradiation follows certain principles that vary 
only when an overdose instead of a tolerance 
dose of radiation therapy has been admm 
istered 

An appreciation of the tissue reactions will 
permit a better understanding of the prin 
ciples of their treatment The reactions of 
tissues within a beam of ionizing radiation 
depend upon the type and amount of irradia 
tion and are influenced by such factors as 
voltage filtration size of portals and the ttmw 
intensity factor 

The Effects of Voltage and Filtration Upon 
Reaction to Irradiation 

Table 30 1 presents the skin erythema dos 
ages for the various voltages and filtration 

Influence of the Size of the Treated Region 
upon the Tissue Reaction 

The size of the field is m direct proportion 
to the reaction the larger the field the more 


severe the reaction Accordingly every eJTort 
must be made to keep the portal as small as 
IS consistent with desired effect upon the neo 
plasm being treated If opposing fields an. 
used the exit dose must be added to the skin 
dose on each side to compute total dose to 
each area 

Time and Intensity Foctors and Their 
Effects Upon Radiation Reactions 
Biologic reactions arc more marked if a 
given amount of radiation is delivered m a 
short interval than if the same dose i$ extended 
over a longer period The concepts of pro 
traction — the rale at which radiation is ad 
ministered during a single exposure and 
fractionation — the number of exposures dc 
Jivered over an extended period have been 
illustrated graphically by Strandquist 

The basis for the protracted and fraction 
ated technic m radiotherapy is that normal 
healthy tissue recovers from injury more rap 
idly by this technic whereas tumor destruc 
tion continues 


TABLE 30 1 — Threshold Erythema Doses for Various Qualities of Radiation 




Roentgens for 



threshold 



erythema 



dose including 

kv 

;/ » L 

backscatter 

100 

1 0 A1 

270 

140 

04 Cu 

525 

200 

09 Cu 

680 

700 

7 0 Cu 

800 


3 8 Pb 

1 000 
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THE NATURE OF LOCAL RADIATION 
REACTIONS 

Radiation Reactions Subsequent to 
Tolerance Dose 

Skin Reactions The sequence of events Ihit 
follow imdintion is unique When over 
whelming doses arc 'idministcrcd 'll one sit 
ting a reaction miy present itself quickly 
Usually, however, no visible reaction occurs 
for a period var\ing from 5 to 10 diys Pol 
lowing this latent period n faint blush will 
present itself on the skin, it gradually increases 



pig 30 1 Influence of lime factor and Inlentity ol 
irrodiotion on biologic reacton (Courtejy Dr Edith 
Qgimby) 


m intensity until a scarlet red color is present 
(erythema) The coloration persists for i brief 
period of from 1 to 3 weeks The erythema is 
due to an increased flow of blood through the 
blood vessels of the area as well as to an 
increase in the number of capillaries carrying 
blood In more severe reaction an extravasa 
tion of blood from the vessels into the sur 
rounding tissues develops The coloration 
persists for a brief period of from 1 to 3 
weeks and may disappear later When maximal 
tolerance doses are given the superficial epi 
dermis breaks and a moist weeping surface 
with a serofibrinous exudate presents itself 
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(dcsquimation) It lasts from 1 to 3 weeks 
The area is denuded of epidermis and presents 
a tender, weeping granular surface Epiibeli 
zation occurs if the tissues arc not traumaiized 
or irritated A brown pigmentation ma) per 
sist The degree and extent of this reaction 
arc influenced by various factors (I) vana 
tions in skin tolerance itself fair skin beina 
more sensitive than dark skin, (2) the re*non 
of the bod) treated thinner skinned areas 
being more sensitive than thicker ones moist 
areas being more sensitise than dry ones 
(3) the blood supply of the treated area, 
local anemia increasing the skm tolerance 
hyperemia decreasing it 

Hair bearing regions have their specific re 
actions Epilation occurs after small aioountj 
of irradiation but it is rarely permanent The 
hair grows again even after a high dosage 
though It may lake several months or jears. 

The reaction in the mucous membrane dif 
fers from that of the skm The penod 
hlcnt reaction is shorter the erythema lasts 
only a few days and is followed by a gre)»f’ 
white membrane covering the irradiated rone 
which persists during the course of treatment 
Reactions of skin and mucosa are painful ti 
IS important to reolue that mucosal reaetto^ 
sometimes reach a peak nhen only about 
per cent of the irradiation has been gi^tn on 
frequently decrease though treatment is 
tinned to the desired le\el It would be a tms 
take to stop therapy m order to relieve s)®?" 
toms that are unavoidable and will decrease 
even during the course of therapy Th® ^ 
actions of mucous membranes are associate 
with specific symptoms of the involved orgsos 

Oral pain is to be expected when a at ' 
noma of the tongue is being irradiated dry 
ness of the mouth whenever salivary glands are 
being exposed to more than 1 000 r When 
treatment of neck tumors radiation of ® 
pharynx cannot be avoided dysphagia occurs- 
When the larynx is irradiated hoarseu®ss 
occurs Edema of laryngeal structures may * 
of such seventy as to cause respiratory u 
struction and tracheostomy must be 
formed 

Chest pain with an associated 
cough and dysphagia may occur when 
trachea and esophagus have been exposeo 
irradiation In pelvic irradiation bladder an 
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■tic Trralmtnl oi HatoUon Reactions 
bond reactions mil occur Dysmia and 
poljuria may require treatment special) 
nhm uMravatccl by a concurrent infection 

Diarrhea ihc first sign of bowel rrntation myr 

become so severe that treatment must be 
lemporanly abandoned Another absolute m 
dication for interruption of therapy is the 



■ttl 

IS either covered by smooth atrophic skin oi 
by a shmv mucous membrane I ibrosis uut 
extensive telangiectasis will develop it nttioM 
does not supervene These tissues ha^ 
teodenev to break down at the sU^hiest pr v 
ocatiOR 

Tissue necrosis develops In the !■'< - ' 

! " 



fia 30-2 ErYtHtmo oft«r iOOO f rnwurtd o» jVj« 
ikTorish o to K to em f«ld In 2t 
doyt Thi» phetoawph woi laWn on th* lc>» Ueolm«nt 
dajf Rodiolion toeiei* •<•«« 250 kv HVl 2 8 mn* 
Ca 50 cm TSO 



occurrence of Woody mucus 
yiOt* J'’ contrast to these changes which consist 
o( a Cldc of damagt and repair m the genera 
c-j' Inc tissues more scierc changes owing to 
,fi uradiaiion oserdosacc develop 

local Radiation Changes Due fo 
f'*' Overdosoge of Irradiation 

reactions of skin and mucous mem 
,v ^ J** first the same pattern owing 

rwiowing this first stage 
thf treated region occurs which 



Fig 00-8 Two vfe»k» oher’ tomple* 
ton* ' ' ' ' 

htng tpolly opitkolirotion 
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'irriro.T.%™J ic..-. Dll 

T Po«k ond Irving M Ariel) 

,t mav run throngh JiUcccnt s. .t« 

ncccplcii as P''y^''’''’P'L'T \Z Z m 

.lo/uilhm lolcancc 

loivcd by moiu iJc^qnamalinn 

heal anil usually an inilnlcnt " " 

dccclons uilh sharply cut edges anil a slouch 

L base I ate necrosis ssilh fotmilion of ihc 

same tspc of inilolcnt ulcer mav occur at anv 

iZ lncT Itcatmcnt esen after ssscral scars 

U occurs ocilinanly as ^'‘1“'"'^ 
by exposure to csccss colJ or biat It s c 
sLal to dilfcrcntiatc a recurrence o! tbs. 
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Treatment of Damage Duo 
to Overdosage 

Treatment of changes due to overdose fol 
lows two different lines Tissues m \shich 
necrosis might occur but has not arc to be 
guarded with utmost care and even minimal 
trauma must be avoided The approach 
changes when one deals with established 
necrosis 

In lesions of the skin dressings with 
Furacin Scarlet red vitamin A and D omt 
ment arc indicated ns support of the healing 
and cleaning process while Chlorcsmm dress 
mgs decrease offending odors Antibiotic 
ointments (neomycin bacitracin etc ) sup 
plemented with parenteral antibiotics should 
be used to control local infection ^^orc active 
methods such as electrocoagulation or wide 
surgical excision of the necrotic area arc at 
times indicated 

Necrosis of the mouth affects soft parts with 
or without damage to the undcrl)ing bone 
The treatment vanes accordingly The rules 
given m the treatment of acute reactions m 
the mouth must be strictly observed Addi 
tional therapeutic measures are m most cases 
necessary owing to the extreme pamfulncss 
of these necrotic sites Often only the applica 
tion of anesthesizing 8pra}s makes it possible 
for the patients to chew and swallow food 
otherwise they would succumb to malnutrition 
and exhaustion 

As a last resort m the treatment coagulation 
of the necrotic lesion is indicated with the 
intent to destroy all the sensitive nerve end 
mgs that are embedded between the fibrous 
tissue at the hard edges of the necrotic ulcer 
and are the cause of the excruciating pain 

Bone necrosis m the mouth may occur in 
some cases beneath unbroken mucous mem 
brane No other symptoms may be present 
but the patient complains of severe pain 
similar to an agonizing toothache Part of the 
bone will slowly degenerate and die after 
endarteritis has destroyed the blood supply 
and the dead bone will form a sequestrum Jn 
other patients the process starts with a necrotic 
ulcer m the overlying mucous membrane while 
necrotic bone can be felt afterward m the 
depth of the ulcer It is always essential to be 
conservative until the sequestrum separates 
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spontaneously asanj premature surgical inter 
fcrcncc would cause an extension of the 
necrotic process in the adjoining bone When 
the sequestrum has separated spontaneously 
It can easily be removed The healing process 
starts immediately the patients show strikm® 
improvement and feel free of pain and the 
entire necrotic area is replaced by a scar in 
a relatively short time Whenever in rare 
cases a salivary fistula forms after necrosis of 
the mandible spontaneous healing is impos 
siblc and surgical repair is necessary 
Pathologic fractures of the clavicle nbs 
and neck, of the femur usually do not occur 
before one year after completion of therapy 
Thcif first and onl) symptom is pain, which 
precedes the establishment of the roentgeno- 
logic diagnosis The treatment is conservative 
by rest or fixation For fractures of the neck of 
the femur bed rest alone is the treatment if 
there is no displacement of the fractured 
bones but internal fixation subirochantenc 
osteotomy or reduction with immobiluation 
will become necessary if the displacement of 
the fragments so requires The results of 
therapy arc good even in the group of frac 
turcs with gross displacement 

It IS essential to distinguish a fracture the 
late sequel of irradiation from metastatic 
cancer For neoplasms such as those arising 
in the breast where the occurrence of late 
osseous metaslases is not uncommon it « 
times difficult to distinguish metastatic cancer 
from irradiation fracture In the former ad 
dilional irradiation may be indicated whereas 
in the latter it is definitely contramdicafed 
Cartilage necroses are best removed surgi 
cally as they are always extremely painful and 
usually occur in places that can be readily 
approached by surgery 

INTESTINAL INJURIES 

The treatment of late intestinal injuries 
following irradiation is conservative observa 
tion as patients may be asymptomatic for 
long periods m spite of marked pathologic 
changes However they must be under con 
stant care and observation as the disease i» 
progressive In spite of relative subjective 
well being these patients may be subject 
to intestinal hemorrhage perforation with 
generalized peritonitis or obstruction These 




Fig 30-4 Acute rodiation in|ury incurred by an empteye* who ploced 
k t hands under o 30 kv indutiriol x ray unit for 6 to 7 tecondt opproxi 
"lately 14 l mei for □ total of 84 lecondt eitimoted totol roentgen dote 
n air 4 000 r (Upper Itil) Diffuse erythemalout iwellmg 14 days offer 
lost exposure (Upper right) Complete destruction of »kf« In cerloln re JHIC— 
gone vrth otrophy of underlying tissue 1 month offer exposure ((ewer 
Ml) Status 10 months offer cxposurei m ddle fnger of left bond hat been amputated Remo nder of hands atrophic with itiffeni 
due to underlying fibrosii Free ikin grafts hove been used to cover the regions of destroyed skin ((ewer r/ghi) Status 23 months of 
exposure progress ve atrophy espeeiolly morked of the three digits of the loll hand Further radiation changes occurred neceiillall 
add t 0 at turg cal removol and skin g ofting (Courtesy Drs Irving M Ariel George T Rock and Robert J Beeher ) 
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facts and considerations give rise to the ques 
tion whether a patient would not benefit moiv 
from elective surgery with a higher percent 
age of survival and better quality of surgery 
compared with emergency operations and their 
handicaps 

Wiley and Sugarbakcr have described small 
bouel reactions and the following discussion 
summarizes their findings 
The pathologic findings at operation or at 
autopsy are remarkably constant The pen 
toneum has lost its luster and is thickened 
Obstruction if present is usually in the 
distal portion of the ileum with a loop or 
loops of small intestine fixed m the pelvis 
Other segments may show greyish white mot 
tied avascular serosa with interspersed telangi 
ectatic regions There may be necrosis and 
if perforation has occurred localized or gener 
alized peritonitis Regions of ulceration will be 
found on the mucosal surface with fibrosis to 
the point of obstruction in some segments 
Only those segments of small intestine that 
can fall mlo the pelvis arc affected when the 
damage results from irradiation to pelvic struc 
lures (cervix) The rectum and sigmoid often 
present a similar picture 
The fibrosis and edema eventually result 
in a state that may aptly be termed insufR 
ciency of the small bowel The muscularis is 
argely replaced by fibrosis and that which 
remains is handicapped by the accompanying 
edema and induration Radiation therapy 
produces the initial changes but infection and 
possible trauma are necessary for the conlinua 
ion of the process The use of multiple ports 
an eavy filtration for deep seated tumors 
th * relatively slight skin injury but 

c eep tissue may be severely irradiated 
cnlV *1*^*^^*^*“'’^ destroy the intestinal 

- f '^hich has been considered as 
reg^on'^^ lymphocytes in this same 

oenfr?"'^' small intestine 

usualiv^^^^ thin women Diarrhea 

“dually occurs during therapy 

"treatment 

•h'rapeutic 

"ilh marl 1*^ chronically ill individuals 

prolcinem.t anemia and hypo 

Most of them have been unable 


to take an adequate diet for several months 
and with the damage to the small bowel have 
probably not been able to absorb properly 
all the food that was taken The condition is 
not unlike idiopathic ulcerative colitis with 
small bowel involvement or regional ileitis 
and many of the therapeutic procedures both 
medical and surgical used in these two 
conditions are of value in the treatment of 
factitial disease of the intestines Treatment 
may be either medical or surgical or a com 
bination of the two 

Medical In the treatment of the malnutn 
tion and weight loss a bland low residue high 
protein high caloric diet supplemented by 
brewers yeast and parenteral vitamins should 
be given If there is considerable cramping 
pain antispasmodics such as tincture of bella 
donna atropine or papaverine are of value 
If diarrhea is a prominent symptom bismuth 
subcarbonate or paregoric is useful Multiple 
transfusions are usually necessary to correct 
the anemia and probably constitute the best 
method with the exception of a high protein 
diet for correcting the hypoproteinemia If 
there are signs of sepsis sucemey Isulfathiazolc 
pemcillm and/or sulfadiazine have proved of 
value 

Surgical When medical management does 
not relieve these patients or when signs of ob 
struction develop surgical intervention must be 
considered It is of note that radiation ileitis 
frequently produces intestinal obstruction ne 
cessitaiing surgical intervention Factitial proc 
litis and Sigmoiditis rarely produce intestinal 
obstruction and except for two or three cases 
have responded to medical management 

PreoperaU\ely these patients should be 
properly hydrated anemia corrected by blood 
transfusions and sepsis treated by means of 
antibiotic drugs A Miller Abbott tube should 
be passed m those cases with partial or com 
plele intestinal obstruction The use of this 
tube makes it possible to delay operation until 
the general condition of the patient has im 
proved Preoperativcly the rectum should be 
observed through the proctoscope to determine 
if It as well as the small intestine is damaged 
If It IS an ileostomy or colostomy mav be 
indicated 

The decision as to what surgical procedure 
IS to be carried out on each patient depends 
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upon the findings at operation correlated with 
the preoperative roentgen ray findings and re 
quires considerable surgical judgment We feel 
that any surgical procedure undertaken should 
be as conservative as possible, since without 
exception these patients have been extremely 
poor surgical risks In general no attempt 
should be made to free the d imaged adherent 
small bowel but a simple sidetracking anasto 
mosis should be made between healthy loops 
of small intestine or between the small bowel 
and cofon Any anastomosis must be made 
between normal appearing loops of intestine 
since the radiation damaged bowel heals 
poorly 

Since It IS usually the terminal loops of 
ileum that are damaged or obstructed the 
most useful anastomosis has been an ilco* 
colostomy The Mikulicz double barrel type of 
anastomosis is preferred for three reasons 
(1) It can be done cxtrapcntoncally thus 
eliminating the serious danger in these cases 
of suture line leakage and peritonitis This is 
essential because of the poor healing of irradi 
ated bowel (2) Since often there t$ an asso 
ciated distal large bowel factitial reaction the 
colon can be put at rest for a few months or 
if necessary for years by this procedure 
(3) The operation is usually performed m the 
face of intestinal obstruction and immediate 
decompression is desirable This procedure 
makes this available at once The value of an 
ileostomy in this condition can be likened to 
Its value m ulcerative colitis if both the large 
and the small bowel are damaged 

In general there is so much damage to the 
intestine and the condition of the patient is so 
poor that if resection is attempted it becomes 
a major and frequently shocking procedure 
It IS generall) contraindicated 

Four patients with this condition who were 
autopsied by Wiley and Sugarbaker revealed 
no evidence of carcinoma 

RADIATION INJURIES OF THE 
URINARY TRACT 

Radiation injuries of the urinary tract 
manifest themselves as indolent ulcers of the 
bladder vesicovaginal fistulas or stricture of 
the ureter with secondary hydronephrosis The 
onset of the symptoms — bladder symptoms or 
pam in the flank— may be sudden or more 
insidious Conservative treatment with m 
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stiliation of Argyrol is the method of choice 
for ulcers of the bladder but stricture of the 
ureter and hydronephrosis must be approached 
surgically 

EDITORIAL ADDENDUW 

Syste/tilc reactions to irradiation vary with 
the type of ndiation the speed with which 
the loniting radiations arc adnumsteted the 
quantity of radiation absorbed fay the body 
and the amount of the bodv exposed to irra 
diation (total body irradiation a portal 
irradiation) Included m the last factor is 
the inherent sensitivity of the exposed tissues 
(the spleen liver, and gastrointestinal tract 
being far more sensitive than an extremity re 
ccivmg irradiation) 

Some patients will develop nausea and a 
sense of ill feeling and may even vomit by 
simply being placed in the room containing 
the irradiation equipment Whether this is 
psychogenic or as has been suggested the 
effect of ozone in the atmosphere is proble 
malic The treatment of such symptoms con 
sists of merely giving the patient a mild 
sedative before the iherapv commences 

In other instances as the treatment pro- 
gresses especially if therapy is given oscr 
the abdominal cavity an intensification of the 
symptoms of nausea and vomiting develops 
the patient may feel extremely weak become 
exhausted after the slightest exertion and 
develop headache and a sensation described 
as general sickness 

The cause of these symptoms is not known 
They arc believed to be due either to the 
effects of ionization radiation upon normal 
tissues with its aftermath of secondary loniza 
tion withm the tissue and the institution o 
certain chemical reactions within the irradiated 
tissue or to effects secondary to destruction 
of the diseased tissue akm to a Herxheimer 
reaction In many instances the cause may be 
psychogenic Inasmuch as it is not known no 
specific therapy is available 

Innumerable drugs have been advocated for 
treating systemic reactions (irradiation sick 
ness) but none has proved entirely S3hs 
factory A full list of such suggested medica 
ments could fill several pages and serve no 
useful purpose The more recently describe 
preparations include antihistamines hormones 
(DOCA cortisone ACTH Adrenalin corpus 
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luteum) vitamins (thiamine hydrochloride 
ascorbic acid inositol choline chloride pyn 
doxine riboflavin nicotinic acid bioflavo 
noids liver extract and others), antibiotics 
(Aureomyem) certain ammo acids (cysteine 
methionine and others), anoxia and every 
analgesic and sedative varying from simple 
aspirin to large doses of morphine 
The symptoms may persist despite the use of 
any drug and may be so severe that treatment 
must be discontinued If the patient can 
tolerate the treatment for five days a week 
end rest may permit resumption of treatment 
the succeeding week If this regime can not 
be tolerated a reduction of the daily dose may 
be acceptable to the patient 

The editors have found that the use of a 
mild sedative or one of the tranquilizing drugs 
such as meprobamate is sometimes effective 
If headache or dizziness is the major symptom 
such drugs as dimenhydnnate or parachlora 
mine hydrochloride are efficacious in causing 
diminution or disappearance of the symptoms 
The use of chlorpromazme one half or an 
hour before therapy given intramuscularly 
m a rather large dose which vanes between 
50 and 100 mg has proved extremely effec 
live in many patients in either preventing oi 
decreasing the degree of bothersome symp 
toms from irradiation 
As therapy continues the cumulative effect 
of daily dosages may produce such comphea 
tions as hemorrhage due either to a thrombo 
cytopenia or increase in capillary fragility or 
the production of a circulating anticoagulant 
Following extensive portal irradiation or sub 
sequent to total body irradiation a pancy 
topenia may occur or anemia sometimes of 
severe degree may develop The actual causes 
of these alterations are not known but they 
probably represent the end result of severe 
destructive actions which include the actual 
destruction of the blood elements such as 
might occur following irradiation to the liver 
(a Vascular sponge with large volumes of 
blood being exposed to the beams of ionizing 
radiation) the production of hemolysis with 
resultant hemolysis of blood elements damage 
to the reticuloendothelial system with blockage 
of the regeneration of certain blood elements 
and damage to the bone marrow or they maj 
be due to actual hemorrhage 
Total body irradiation may occur sub 
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sequent to so called spray therapy from a 
regular x ray therapy generator such as the 
now obsolete Heublem unit or from radio 
active isotope therapy or exposure to an 
atomic blast 

A careful review of the acute radiation 
syndrome was published in 1952 from the Los 
Alamos Scientific Laboratory and the Argonne 
National Laboratory based on personnel suf 
fenng accidental exposure on the Atomic 
Energy Program and supplemented by m 
formation gamed at Hiroshima and Nagasaki 
[181 The reader is referred to this excellent 
review for further information on the induced 
changes and concepts of treating such ex 
posure This subject is beyond the scope of 
this addendum 

The combination of leukopenia and poor 
general nutrition of these patients contributes 
to increased susceptibility to infection and 
those exposed to overwhelming doses of 
radiation (such as occurs after exposure to 
an atomic bomb blast) practically always 
suffer from severe infection Malnutrition is a 
concomitant accompaniment because the 
symptoms prevent proper alimentation 

Efforts to prevent or minimize the systemic 
effects of ijradiation have not been rew'arding 
at least as far as the human is concerned 
Jacobson and others have demonstrated that 
shielding the spleen from the radiation beam 
will exert a markedly beneficial protection 
from the systemic effects of irradiation Their 
experiments were performed on mice but the 
same situation does not prevail for the human 
The induction of anoxia has been described 
as a protection against the untoward effects of 
irradiation but its practical application to the 
human receiving radiation therapy has not 
proved feasible Such experimental procedures 
as transplanting bone marrow or splenic ex 
tract into irradiated animals have not proved 
effective in the treatment of s)stemic reactions 
m the human The use of cysteine as a protec 
tion against irradiation has been described 
m animals but its use in the human has not 
been particularly effective A host of other 
chemicals have been described for preventing 
the untoward and deleterious effects of irradia 
tion as well as for controlling the ensuins 
symptoms These include adenosinetriphos' 
phate flavonoids Aureomjcin etc without 
too gratifying a result to the patient 
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INTRODUCTION 

Until comparatively recently cancer was 
considered as representing a completely auton 
omous growth That is except for the restnc 
tions placed on it by the vasculature of the 
host cancerous growth was believed to be a 
law unto Itself growing completely beyond 
the bounds of those mechanisms of the host 
that control normal growth processes and 
therefore growing without regard to the physi 
ology or the anatomy of the host The dem 
onstration that alterations in the hormone 
status of the host could in certain instances 
not only halt this relentless uncontrolkd 
growth but even effect very significant de 
creases in the size of existing cancerous 
deposits certainly seems to dispel this theory 
of complete autonomy In its stead a newer 
concept has ansen that of the dependency of 
certain cancers opening an entirely new field 
for research Although to date relatively few 
t)pes of cancers have been shown to be de 
pendent and all of these through the demon 
stration of regressive responses to hormonal 
alterations it seems quite possible that in the 
future cancer dependency in other as yet 
undefined areas may be demonstrated so as 
to expand greatly the therapeutic usefulness 
of this newly recognized characteristic of 
malignant neoplasia 

RELATIONSHIP OF HORMONES 
TO CARCINOGENESIS 

Inasmuch as certain hormones are potent 
stimulators of normal growth processes it 
seems logical that they might also be related 
to the production of abnormal growth Actu 


ally before the concept of hormones was 
clearly defined the relationship of ovarian 
function to established breast cancer was in 
vestigated [7] and rather early m the study 
of animal neoplasms the relationship of 
ovarian function to mammary carcinogenesis 
m mice was established [20 59 64] With the 
isolation of pure estrogenic hormones it ap 
peared that all that would be necessary to 
produce malignant neoplastic overgrowths of 
certain sexual tissues would be to subject them 
to prolonged hormone stimulation Lacassagne 
[57] by the injection of estrogenic hormones 
was able to produce mammary carcinomas 
in male mice which otherwise would not have 
developed such tumors As the investigation of 
this problem progressed however it soon be 
came evident that although under certain 
circumstances cancer did develop as a result 
of endocrine alterations the relationship cf 
hormone stimulation to malignant transforma 
tion was not a simple one The precise mech 
anisms of action of the hormones in carcino 
genesis are still not understood [29 3 1] 

Genetic Constitution and Neoplastic 
Formation 

Certain facts ha\e been established in 
animals although very little that applies to 
man has been elucidated [51 53 66 72] 
Factors other than the hormone alterations 
determine whether or not a treated animal 
develops a neoplasm One of the most impor 
tani IS the genetic constitution of the animal 
which not only determines whether or not 
a tumor appears but it also selects in large 
measure in which sexual tissue the neoplasm 


501 



502 


Hormone Tliernpy, Chemolherapy, and General Care of the Cancer PatUnt 


develops Present data strongly suggest that 
there is no particular inheritance of an over- 
all susceptibility to the development of canctr 
II2, 60] Rather certain characteristics seem 
to be inherited that make the development 
of a given type of tumor in a specific tissue 
likely Thus one strain of mice may be 
genetically susceptible to the development of 
interstitial cell tumors of the testes after pro 
longed estrogenization while in other strains 
with similar treatment a great number of 
mammary or pituitary tumors will result [31] 

It IS certain that different species of animats 
metabolize hormones somewhat differently 
and such differences could be of importance 
m determining the end organ response It has 
also been demonstrated however, that the end 
organs themselves respond differently as far as 
the formation of tumors is concerned even 
when placed in the same environment (481 
Thus when adrenals of donor mice from two 
different strains were placed m the identical 
environment of castrated and adrcnaiccto 
mized h)brid mice the adrenals from one 
stock became cancerous while those from 
another remained essentially unchanged It is 
evident therefore that the genetic constitu 
tion of the animal can influence the hormonv 
cancer relationship m at least two major ways 
altering the organism s metabolism of the van 
ous hormones and altering the response of 
the end organs to those hormones presented 
to them 

Cocarcinogens and Hormone Cancer 
Relationship 

In certain tumors in animals definite co 
carcinogenic agents have been demonstrated 
This IS best exemplified in mammary carcino 
genesis in mice In all strains of mice so far 
studied with the apparent exception of the 
Heston QH stock [42] three factors must be 
present before many cancers of the breast 
develop (1) the animals must be genetically 
susceptible to the development of breast 
cancer (2) their mammae must be sub 
jected to a qualitatively and/or quantitatively 
adequate hormone stimulation and (3) the 
animals must be infected with a virus that 
IS generally passed from mother to offspring 
m the milk durmg nursing [9 10] If any one 
of these three factors is lacking few spontane 


ous breast cancers result even though the other 
two factors arc present It has been shown 
however, that mammary cancers can be pro- 
duced in genetically susceptible mice lacking 
the milk agent cither by the proper admmistra 
lion of hydrocarbon carcinogens [55] or by 
certain hormonal manipulations [62] In view 
of this laltcr finding it is interesting to note 
the very fragmentary data suggesting that the 
infection with the milk agent virus may alter 
hormone metabolism in cancer susceptible 
mice [11, 69] In addition, it has been shown 
that m genetically susceptible mice possessing 
the milk agent the tendency for virgin females 
to develop breast cancer is genetically con 
trolled 111 13 41] and this inherited tenden<y 
IS apparently mediated through the endocrine 
system 

Other eofactors have been described Thus 
X rays and hormones may act together in the 
production of leukemia m mice [54] as mw 
hydrocarbon carcinogens and hormones m the 
production of breast cancer in mice [55] 


Metobolie Foctors ond Hormone Cancer 
Relationship 

Most studies indicate that the penod of 
carcinogenesis is relatively long in terms o 
the life span of the animal under insesuga 
lion This fact has greatly hampered the m 
vestigation of the effects of exogenously sup- 
plied protein hormones upon carcinogenesis 
since m most instances antihormones are pro- 
duced against the administered protein m 
its hormone action is relatively quic y 
negated Environmental factors are also o 
importance since not only do alterations m 
the nutritional status of the animal or * 
stance alter the production of vano 
hormones by the animal [46] but they as 
may alter the responsiveness of certain e 
organs to the trophic action of the hormon 
that are present [3 33 73] Finally ® 
cate mterbalancing of the 
makes interpretations of results difficu 
although the admmistration of a gi 
hormone may greatly alter the frequency 
occurrence of a certain type of 
group of experimental animals the pa 
of action of the administered hormone m y 
be a very circuitous one involving a , 

in activity of one or more of the g ao 
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internal secretion and the altered function 
of these glands may m realit) be responsible 
for the altered frequency of tumor develop 
ment 

POSSIBLE MECHANISMS OF ACTION 
OF HORMONES IN CANCER THERAPY 

The consideration of how hormone altera 
tions might result m a definite though 
temporary regression of certain established 
cancers is made difficult by the newness of the 
expanded interest in this field and therefore 
the paucity of fundamental data It is unfortu 
nate furthermore that there are few tumors 
in experimental animals that lend themselves 
to investigation as far as the therapeutic effects 
of hormone alterations are concerned There 
are no frequently occurring or easily induced 
prostatic carcinomas available for study in 
laboratory animals and mammary carcinomas 
m mice are not significantly altered either by 
ovariectomy or by the administration of 
estrogen [49 61] although their growth rate 
may be retarded in certain instances by the 
administration of androgens [26] 

Prestalie Cancer 

The situation that obtains m the human 
NMth regard to the response of established 
prostatic cancer to hormone alterations ap 
pears at least on the surface to be the most 
simple to consider There seems to be little 
doubt from the work of Huggins and Hodges 
[44] that not only normal but also cancerous 
prostatic tissue is stimulated probably both 
as far as its functional and its proliferative 
aspects are concerned by the administration 
of testosterone propionate Since in a high 
percentage of cases orchiectomy is rather 
promptly followed by a diminution in tumor 
Size and function (as indicated by a reduction 
m the serum acid phosphatase) it would ap 
pear that the malignant neoplasm requires a 
continuing stimulation from a trophic hor 
monc for continued and uninterrupted growth 
This situation seems to be closely analogous to 
that seen m certain estrogen induced inter 
stitial cell tumors of the testes m mice [30] 
These tumors once they develop m male mice 
that base received estrogen parcnterally for 
relatively prolonged periods %mU metasta 
size to the regional lymph nodes and thus the 
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tumors as they exist m primary host fulfill the 
critena of malignancy If however bits of 
tumor tissue are transplanted to other individ 
uals of the same genetic strain the trans 
planted tumor tissue will grow only m estrog 
emzed animals It would appear then that the 
tumor cells themselves have not become suffi 
ciently autonomous to continue their dis 
orderly growth isithout the continuance of 
some stimulating factor possibly of pituitary 
origin that is present in estrogenized male 
and female mice The work of Deming with 
human prostatic cancer seems to add weight 
to the analog When bits of human prostatic 
cancer were transplanted to the anterior cham 
her of the guinea pigs eye the tissue was 
found to grow in many of the male animals 
but in none of the females This phenomenon 
held lor the first seven serial translcrs of the 
carcinomatous tissue but from the eighth 
transfer generation on the tumors were found 
to grow in either female or male recipients 
Also during the early transfers of the tumor 
no growth was noted in castrate male recipi- 
ents It would appear that this human cancer 
tissue originally required a stimulus from func 
tioning testes or injected testosterone for its 
growth in the anterior chamber of the guinea 
pigs eye but with successive transfers it be 
came sufficiently autonomous to grow in the 
absence of demonstrable hormonal stimula 
lion 

Whether the regrowth of prostatic cancer m 
men successfully treated by castration and/or 
estrogenization occurs because of an increase 
in autonomy of the cancer cells or because of 
an increased production of androgens by 
extragonadal tissues presumably the adrenal 
cortex has not been adequately evaluated at 
the present time Following the lead of Hug 
gins and co workers [43] a fair number of 
castrate patients with reactivated prostatic 
cancer have been adrenalectomized and mam 
tamed on cortisone [75] Although the 17 
ketosteroid output in the urine is routinely 
reduced by this procedure the clinical re 
sponse of the patients has been variable Sig 
nificant although rather short lived subjective 
improvement frequently follows this proce 
dure and in some patients so treated definite 
objectively measurable regressions m tumor 
size arc noted but prolonged and dramatic 
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rcgrcisions seem to be the exception rather 
than the rule 

The bisis for action of idditivc hormone 
therapy m prostatic cancer however awaits 
elucidation It has been assumed with con 
stderablc justification that the administration 
of relatively large doses of estrogen arc efftc 
live in causing the regression of prostatic can 
cer b) bringing about an endocrine cisiration 
that results from suppression of pituitary 
gonadotropin causing m turn a decreased 
androgen production by the testes and adre 
nals This thesis is strengthened by a de 
creased 17 kctostcroid excretion in prostatic 
cancer patients receiving dielhylstdbesirol fill 
Whether this t)pe of castration is complete 
or whether the estrogenic hormones them 
selves may partially neutralize the effect of 
residual circulating androgen is not clear 
Furthermore a second regression m the case 
of reactivated prostatic cancer may follow ad 
ministration of testosterone [14 631 of pro- 
gesterone [36 74] or of massive doses of 
estrogen [40] In addition the administration 
of testosterone to patients who have not pre 
viously received hormone therapy is by no 
means always followed by a worsening of 
their cancer [74] Such observations raise the 
question as to whether the relationship of 
prostatic cancer to testicular function is indeed 
as simple as outlined previously 


Breast Cancer 

The over all picture of breast cancer and 
Its response to hormone alteration apjjears 
more complex than that encountered in pros 
tatic cancer As far as one can judge at pres 
ent the relationship of oophorectomy to the 
induction of regressive changes m established 
human breast cancer appears analogous to 
that of orchiectomy and prostatic cancer i e 
interruption of ovanan function removes the 
major source of the estrogenic hormones upon 
which certain breast cancers are dependent 
for their continued and uninterrupted growth 
The administration of relatively large quan 
titles of androgenic substances might also be 
regarded as an endocrine castration since it 
routinely leads to a cessation of the menses 
excretion of gonadotropins m the urine is re 
duced [68] However the fact that androgen 
administration to the postmenopausal woman 


seems to be as cfTcclive if not somewhat more 
cfTcctive than it is to the premenopausal 
woman strongly suggests that some other 
mechanism is also functioning Although it is 
possible that the administration of androgens 
to the postmenopausal woman might be cflec 
tivc through the suppression of some extra 
gonadal production of estrogen other endo- 
crine changes [25, 65 70] suggest certain dif 
ferent modes of action 

in the experimental work that led Haddovi 
and associates [4 37 38] to administer estro- 
gens to patients with advanced breast cancer 
certain hydrocarbon carcinogens that are ini 
lially growth inhibitors were found to impede 
the growth of transplanted tumors in rats 
Since Zondek 177] had found that the growth 
rate of rodents was markedly inhibited by the 
administration of large doses of estrogen these 
substances were tested for their inhibitory ef 
feet on the growth of transplanted tumors 
and they were found to be somewhat effective 
Throughout this experimental work the hydro- 
carbon carcinogens and later the estrogens in 
large doses were considered to be rather gen 
Cial growth inhibitors with at least a portion 
of their growth inhibiting action being medi 
ated through a suppression of pitiutary func 
lion 139] Two problems need then to be 
considered first is pituitary function neces 
sary for the growth of cancerous tissue and 
secondly in the doses used in the treatment 
of human breast cancer arc the estrogens act 
ing as general growth inhibitors or is tb^'J 
tumor inhibiting effect more specific in nature 
Experiments have shown that cancerous 
tissue can grow m the complete absence o 
hypophyseal stimulation [5 6 28 62 68 7 ] 
The rate of tumor growth is reduced m sue 
animals As far as can be determined there 
have been no instances recorded in which a 
regression of an established malignant tumor 
has occurred following hypophysectomy m ex 
penmental animals Although it is difficult o 
maintain hypophysectomized animals lot's 
enough to produce tumors in them experi 
mentally a few papillomas of the skin were 
observed m hypophysectomized mice follow 
mg the topical application of 3 4 benzpyrene 
[56] and subsequently it has been reporte 
that hypophysectomized mice develop lym 
phoid tumors following exposure to lonizmg 
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radiation as readily as do intact irradiated con 
trol animals I64al 

More recentl) experience with the thera 
peutic effectiveness of total ablation of the 
pituitary and adrenal glands has accumulated 
so that at present there is little doubt that 
significant regression of tumor deposits can 
be effected by either means in women who 
have previously been castrated Whether or 
not the mechanism by which these procedures 
produce their effect is the same has however 
not yet been answered It might well be that 
both are effective by decreasing substantially 
the extragonadal production of estrogen 
adrenalectomy by removing a gland producing 
estrogen hjpophyscctomy by removing the 
stimulatory hormone responsible for the extra 
gonadal elaboration of these hormones In 
addition the removal of the pituitary could 
be effective by removing the source of growth 
hormone and/or prolactin which might be in 
fluential m augmenting tumor growth al 
though these latter possibilities have as yet 
not been proved It should be pointed out that 
in younger women where it can be tested both 
procedures are effective almost entirely if not 
exclusively m those cases m which tumor de 
posits had previously regressed in response to 
the interruption of ovarian function This 
would suggest that it is only those cancers 
that arc more or less dependent on estrogen 
that regress following adrenal or pituitary ab 
lation This docs not of necessity mean how 
ever that the only effect of cither or both of 
these procedures is to decrease the extra 
gonadal production of estrogen but may only 
mdicite that the cancers that did not respond 
mitially to estrogen removal are for all m 
tents and purposes autonomous and wiU not 
respond to any hormonal alteration 
Administration of estrogenic hormones at 
the dose levels cmplojed in the therapy of 
breast cancer does suppress the production 
and/or release of certain pituitary hormones 
particular!) the gonadotropic hormones 
'VTicihcr or not a significant suppression of 
the production of growth hormone results as 
suggested by Zondek 178) or whether a situa 
tton similar to the mammar) gland stunting 
effect of large doses of estrogen as descriKcl 
in animals {27 32] obtains in these patients is 
unknosvn In a study ot the response of the 


normal breast tissues of postmenopausal px 
tients with advanced breast cancer who were 
receiving estrogen therapy [50] it was found 
that usually the normal breast epithelium in 
creases m amount during the first few months 
of estrogen administration Surprisingly in the 
majority of breasts studied rather normal 
appearing lobules were encountered and in a 
few of the breasts large lobules similar to 
those seen in pregnancy were found In addi 
lion proliferation of the fibroblastic stroma 
of the breast was encountered There was 
not any direct correlation between the mag 
nitude of these various changes m the nor 
mal breast tissues and the response of the 
tumor to therapy It would appear then that 
in the dosages employed m the therapy of 
human breast cancer estrogens are not acting 
as general growth inhibitors and the mammary 
gland stunting effect of large doses of estrogi^n 
described m several species of animals is not 
operating This of course docs not mean thxt 
a lesser degree of pituitary inhibition may not 
be an important factor m causing the regres 
sion of established breast cancer However to 
date there is no evidence to support such a 
thesis Since the normal epithelium of the 
breast is apparently proliferating at the same 
time that the cancerous breast epithelium is 
undergoing regression the growth inhibiting 
effects of the estrogens would appear to be 
rather specific for the neoplastic tissue 
Another mechanism by which the admm 
istralion of estrogenic hormones to elderly 
women might cause the regression of an es 
tablished breast cancer is b) augmenting the 
hosts resistance to the growth of the tumor It 
must be admitted that such a consideration is 
hypothetical at present since there is very little 
concrete evidence for the existence of an 
active host resistance to the growth of breast 
cancer There are certain suggestions that 
such a resistance might exist such as the 
desmoplastic reaction frequently elicited by 
breast cancers and the long latent period often 
seen between cancer embolization and the for 
mation of an activcl) growini; tumor There is 
however no information concerning the na 
lure of any such resisting force It seems pos 
sible that hormones might affect tumor growth 
by improving the general status of the sur 
rounding normal tissue Estrogens and andro- 
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gens play a role m the maintenance of nornjaJ 
body structure [2] and in the maintenance 
and/or development of certain connective ti$ 
sues of nonscxual organs [15] 

Preliminary investigations aimed at iJie 
problem particularly as regards estrogen thcr 
apy and breast cancer have been undertaUn 
The suggestion has been made that there 


Ihc connccUvc tissue surrounding the tumor 
cells Although removal of partially regressed 
tumor masses frequently reveals a connectiv 
(issue capsule about the tumor and/or rela 
lively large amounts of collagenous connective 
tissue within the tumor in such spenmcnsihc 
connective tissue is composed of heavy coJ 
lagen bundles with relatively few adult fibro- 
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photose were negative (X 372) (From Robert A Hvseby 
Estrogen Theropy in the Monogement of Advonced 
Breast Cancer courtesy The Amerieon Surgeon) 


might occur an active fibroblastic proliferation 
about the lumor as it regresses [I] However 
investigations earned out in our laboratory 
have failed to support this observation Con 
tranwise in two instances where the support 
ing collagenous connective tissue of the meta 
static deposit showed active fibroblastic pro 
lifcratiOQ prior to the administration of estro 
gen all signs of fibroblastic activity disap 
peared as the tumor underwent regression 
Large deposits of breast cancer may regress 
completely with no residuum of connective 
tissue as would be expected if the tumor re 
gression was cfTccied by a proliferation of 
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cytes interspersed throughout This 
that the increase m connective tissue img 
relative resulting from the decrease m 
quantity of cancerous epithelium (Figures 
12 3 4 5) The entire problem 
noma connective tissue relationship anu o\v 
It n affected by endocrine alterations awai 
further elucidation _ 

Whether or not cancerous tissues diuc 
antigenically from the normal tissues o 
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host m which the} arose has been jD\estigated geneticall} identical to those receiving the 

CTtensnel} in expenmental animals It has tumor transplants [8 35] There is some e>i 

been shown that animals can be immunized deuce that immunit) ma} be developed against 

asainst the proteins of tumors that ongmall) chemical!} induced sarcomas arising m mbred 

appeared m animals geneticall} dissimilar animals [34] but certainly in the great ma 
from those that receive the transplant and jont} of experiments successful immunization 
that such immunization can inhibit or com has been produced on!} where the tumors 

pletelv prevent the growih of such tumor emploved for transplantation arose m animals 



" f guru 31 t and 31 3 four rnonthi offer comment ng 
«frog*n Iherepy Our ng trealment the neoplaim hod 
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thowed normal nonprol feroti g dermal co nect »e li* 
*»• The connect ve tissue in two b epsies performed 
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I row fisbert A. Huseby Estrogen Theropy in the Moi»- 
o-emeni of Adeoneed Breast Center nurtrrjr The 
A*Wf»ton S» geon } 

transplants as would otherwise grow and JsiIJ 
t c recipient !761 It has also been demon 
strated that the estrogemzation of mice mav 
enhance the protection afforded bv such im 
^uiization [67] Whether a similar mech 
iiism might be functioning in the case of 
estrojen therapv in spontaneous breast can 
^ «n human bemes is doubtful To mv kno*l 
f possible success 

^ ' to immunize mice acainst mammarv 
“'^on that oricinallv di.vclopcd in animals 



Pg 31-4 A typ (ol reg on of a breoit eoncer meto 
static to the svpreclovievlor lymph nodes of a ii ty 
n ne-y«or-oId woman prior (e the inililut on of estrogen 
therapy There is considereble detmoplotio about 
clumps of tumor cells ind ceted by mony fibroblasts with 
forge (eptochremot c nuclei wh ch present on intense 
sto n ng reoct on for olhol ne phosphatase (X 175) 

that were geneticallv dissimilar to those rc 
ceiving the grafts 

It has also been suggested that the ad 
ministration of estrogen to clderlv women 
with breast cancer is effective treatment in 
that It rebalances an existing hormone im 
balance This is an interesting hvpothesis but 
proof IS lacking Furthermore breast cancers 
that onginallv developed in rcgularlv men 
stnialing women in whom there was a “nor 
mal" estrogen supplv arc also responsive to 
estrogen therap} if the patient has passed 
through her menopause five or more }ears 
pnor to the appearance of the recurrence of 
the carcinoma It appears a bit difficult to 
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ippl) the concept of rcbniancing n hormone 
imbalance to this silintion since at Icisl as 
far as estrogen is concerned the bahnetng' 
has tended to reestablish the situation m 
which tht cancer originally developed 
It would appear then that although some 
rilional explanation though probablj incom 
plcfc and not ncccssartl) correct can be set 
forth to cover the response of prosfatic cancer 



Fig 31 S A region from the lame melaitatic depot t 
I luitrofed In Figure 31^ after the polieni had Ingested 
J mg of ethinyl estradiol during the preceding »!* 
week* The turner hoi dimin shed remarkably in *ixe 
There it no port eular cellular reocfion about tho tumor 
eelli and even more iignifcont the deimoploslo to 
prom nent In the pretherapy biopsy is no longer evrdeni 
At this time the connective tissue In the residuol tumor 
vra* completely negotive for sloinobfe olVolme phot 
phofoie except In the copilleries (X 175) 

to orchiectomy and even to estrogen adminis 
tration and of breast cancer to oophorectomy 
and possibly to androgen administration the 
mechanism by which estrogen administration 
to the postmenopausal woman effects a re 
gression of certain breast cancers remains 
entirely obscure and puzzling This is true 
also of the mechanism by which orchiectomy 
or the administration of estrogens effects a 
regression of cancer of the male breast It is 
also ve^ difficult to explain why certain de 
posits of metastatic breast cancer will respond 


dramificiJI) to a given endocrine alteration 
while other deposits in the same paiicnt ap- 
peir to be cniircl) unaffccicd It is not un 
common in an elderly pilicnt rcccivini’ estro- 
gen lo have the mctavtascs m the soft tissues 
regress complete!) while those in the bony 
skeleton progress at approximaiclj the sani. 
ntc ns the) did prior to the administration of 
the hormone This happens so frcquentl) that 
an) proposed mechanism of estrogen action 
most necessarily take into consideration the 
tissue surrounding the cancer cells as well as 
the cinccr cells themselves Somewhat mon 
perplexing is the situation noted most fre 
qucntl) in testosterone ihcnp) that of havin’ 
certain mciistases in the bon) skeleton re 
gress With n filling m of the bon) defect while 
mctaslases in other regions of the bonv sleic 
Ion continue to progress 
The reactivation of cancer growth m the 
face of a continuTncc of the hormone therapy 
that brought about the initial rcgrcssioo and 
the response of these reactivated cancer de 
posits lo further endocrine alterations present 
challenging problems Although the problem 
IS at present very perplexing it ma) ultimateb 
prove to be on important kc) in the search for 
the mechanisms involved in hormone thera^ 
Several possibilities present themselves As 
with the human prostatic cancer iransplante 
to the c) c of the guinea pig il seems posstb e 
that cancer cells that originally required hor 
monal stimulation for continued growl 
might m time become autonomous On t c 
other hand reactivation might occur as a re- 
sult of n changed hormone metabolism of or 
hormone production b>, the host that harbore 
the cancer Thus ettragonadal tissues mif 
at least partially assume the production o 
the trophic hormone involved or where ^ 
therapy consists of the administration o a 
hormone the host might alter its rnetaboism 
of that hormone so that the inhibitory effecs 
once produced are no longer evident 

The situation particularly as it obtains in 
breast cancer that has regressed m respon 
to the administration of estrogen appears 
be rather more complex Frequently • 
breast cancer reactivates m the face of enn 
tmued estrogen therapy the discontinuance o 
the estrogen brings about a second and o le 
dramatic regression of the tumor This secon 
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regression may Ust for several months and 
when the cancer reassumes its growth the 
administration of estrogen may be followed 
bv a third period of tumor regression Since 
the administration of exogenous estrogen to 
premenopausal women or to women during 
their menopause not infrequently results m 
acceleration m the growth of breast can 
cer one wonders if even in elderly women 
some impetus to cancer growth may not result 
from estrogen administration If such is the 
case the initial tumor regression results be 
cause the growth stimulus is more than over 
come b) the enhanced inhibiting forces 
brought into play by the administered hor 
mono As therap\ continues however these 
inhibiting forces may lessen in intensity pos 
siblj owing to an alteration m the host s metab 
olism of the estrogen so that eventually the 
tendency for the tumor to proliferate again 
breaks through With the discontinuance 
of the estrogen and its associated trophic 
effect a second regression then occurs Due 
mg the period of no therapy the hormone 
metabolic pattern of the host may again re 
turn to Its prelherapy status so that a second 
course of estrogen administration may again 
be clTcctwe In order to make any such a 
thesis at all tenable it must be assumed that 
the inhibitor) forces are maintained for a 
period of time after the discontinuance of the 
hormone while the trophic effects of the 
hormone rapidly disappear The second por 
tion of this assumption is in accord with the 
rapid diminution in pain often seen follow 
mg oophorectomy in young patients wriih 
bony metastascs from breast cancer The 
oihcr premises upon which this thesis is based 
have not been adequately investigated al 
thouch changes m two enzyme systems one 
of which appears to be involved in steroid 
metabolism have been described in patients 
"iihcontmuing estrogen ihcrapyllG 17] The 
l^wibilitj that ihc administration of a given 
ormonc ma\ chanijc more than one aspect of 
f e cancer host rchtionship should be sen 
ously studied 

It has also been postulated by several 
aut ors that cancer tissue mav change so that 


a hormone that at first depressed tumor growth 
can later act as a trophic hormone that stim 
ulates the growih of that tumor To state this 
in other terms in the face of a continued 
supply of a given hormone tumor cells may 
become dependent upon that hormone for 
Iheir continued growth 

Hormones and Thyroid Cancer 

In addition to cancers involving the sexual 
cpitheha two other malignant neoplasms are 
affected by changes in the endocrine environ 
ment Certain thyroid carcinomas retain func 
tional capacities to concentrate appreciable 
quantities of iodine and to produce thyroxine 
In other instances the tumor tissue functions 
very httle but after the host has been thyroi 
declomtzed the increased levels of pituitary 
thyrotropic hormones that circulate tend to 
increase the ability of the carcinomatous 
tissue to concentrate significant quantities of 
iodine and thus make them amenable to at 
tack by the administration of radioactive 
iodine This is another example of cancerous 
tissue retaining a portion of the functional 
potentialities of the tissue of origin and re 
spending to the same trophic hormone that 
regulates the function of the normal tissue 

Response of lymphomas to Certain 
Hormones 

The rapid regression of certain \ympho 
blasuc tumors following the administration of 
adrenocortical hormones might be another cx 
ample of the same type of thing Certain of 
the adrenocortical steroids cause a very rapid 
lysis of normal lymphocytes {23 24J and ctr 
tainly the effects of these steroids on lympho* 
bbstic tumors are in many ways similar to 
those seen in the normal situation Since see 
ond responses to therapy art often slight as 
compared with the initial response it appears 
possible that those abnormal lymphocvtcs that 
retain more of the abilitv to respond nor 
mallv to the action of cortical hormones had 
been lysvd completely during the initial course 
of therapy leaving the more abnormal cell 
forms to reform the tumor masses 
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Clinical Application of Hormones in Cancer 
Therapy 
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INTRODUCTION 

The beginnings of endocrine therapy for 
carcinoma date back over half a century when 
Sir George Beatson stated that ‘we must look 
in the female to the ovaries as the seat of the 
exciting cause of carcinoma, certainly in the 
mamma, in all probability of the female 
organs generally Beatson reported regres 
Sion of carcinoma of the breast in women 
after removal of the ovaries however, appar 
ently no efforts were made to investigate the 
nature of this influence and for the most part 
this palliative procedure failed to And accept 
ance About twenty years later interest was 
stimulated in the possible influence of the 
ovary on breast carcinoma by the investiga 
tions of Lathrop and Loeb they found that 
early ovariectomy reduced the frequency of 
spontaneous mammary carcinoma in certain 
strains of mice 

The isolation of estrogen m 1923 [3] and 
the subsequent demonstration by Lacassagne 
[79] that the injection of this substance could 
induce mammary carcinoma m certain strains 
of male mice stimulated further study of 
ovarian relationship to breast caranoma 
Estrogenic sUmulation as a possible factor m 
the development of human breast and endo 
raetnal carcinoma has been suggested but not 
substantiated [4 5 21 40 104 135) It has 
however been established that castration the 
withdrawal of hormones can influence certain 
carcinomas in men and women 

About the time that Beatson noted the m 
iluence of ovariectomy on carcinoma of the 
breast White in this country reported the 
effects of bilateral orchiectomy on prostatic 


hypertrophy (prostatic adenoma) he found 
that castration induced atrophy of the prostate 
After the isolation of androgenic substance m 
192? [25 94], Lacassagne and Raynaud dem 
onstrated the influence of androgen on the 
generative organs of animals by injecting this 
hormone into the seminal vesicle of the rat 
and stimulating the growth of the seminal 
vesicle epithelium Subsequently, Huggins in 
dicatcd the possible relationship of testoster 
one to human prostatic carcinoma he demon 
straicd that orchiectomy could produce effects 
on metastatic prostatic carcinoma comparable 
to those of ovariectomy on metastatic mam 
mary carcinoma [70] 

The first physiologic substances known to 
influence neoplasia are the hormones It is of 
interest and perhaps of significance that the 
neoplasms found to be sensitive to hormona 
influence have their origin in the male and fe 
male generative system and related organs an 
m the lymphatic and hematopoietic systems 

ENDOCRINE PHYSIOLOGY 

The endocrine glands through their hor 
mones serve as a regulatory mechanism for 
vanous physiologic functions Should this 
mechanism be disturbed structural and funo 
tional changes can be produced these may be 
modified or reversed by suppressing or aug 
mentmg the naturally occurnng hormones 
Certain aspects of endocrine physiology a” 
their relationship to hormonal therapy of neo 
plasia will be briefly discussed 

Production and Release of Hormones 

The hypophysis and hypothalamus con 
sidered the regulatory center of the endocrine 
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system are believed to exercise regulatory 
control by means of hypophy seal trophic hor 
mones carried by the circulation to target 
glands such as the gonads and the adrenal cor 
tex These target glands stimulated by the ap 
propnate trophic hormones produce and re 
lease characteristic hormones that are trans 
ported by the circulation to the organ or tissue 
upon which they produce their effects It is 
believed that some of these hormonal secre 
tions in the blood are carried m the free form 
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gonadotropic The adrenocorticotropic hor 
moae (ACTH) stimulates the production of 
adrenocortical steroids The production and 
release of the gonadal steroids are stimulated 
by the following gonadotropic hormones 
luteinizing hormone (LH) also known as 
interstitial cell stimulating hormone (ICSH) 
controls the formation of the ovarian corpus 
luteum and the secretion of progesterone and 
is believed to control the production of testos 
terone by the Leydig cells of the testis luteo 



Fig 33 1 Gonoeiolropic hormonal relationship* 


but that about 75 per cent are combined with 
plasma protein to prevent loss through the 
kidney 

Noture of Hormones 

The hypophyseal trophic hormones appear 
to be proteins or polypeptides and have a large 
complex molecule The gonadal and adrenal 
cortical hormones are steroids compounds 
"ith a chemical structure similar to choles 
tcrol bile acids ergosterol (vitamin D) as 
''cl as to Certain carcinogenic substances 

hypophyseal Trophic Hormones 
There are two groups of trophic hormones 
concerned with the production and release of 
* croid hormones adrenocorticotropic and 


tropic hormone (prolactin) stimulates the 
corpus luteum to secrete progesterone and 
also IS the secretory hormone of the mam 
mary gland follicle stimulating hormone 
(FSH) activates the ovarian follicles and m 
conjunction with the luteinizing hormone gov 
erns the production of estrogen in the ovarian 
Graalian follicles Somatotropin is a growth 
stimulating hormone and has no direct effect 
on the production of gonadal hormones 

Gonadal and Adrenal Steroid Hormones 

The gonadal hormones whose major func 
tion IS to effect maturation of the reproductive 
organs and to maintain their differentiation 
appear to be among the most potent hormones 
to influence certain neoplastic diseases of the 
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sex organs Hormones gonadomimetic in 
character which originate m the adrenal cor 
tex appear also to influence neoplasms 

Testosterone, presumably secreted by the 
interstitial cells (Lcydig cells) of the testis is 
considered one of the precursors of the other 
naturally occurring androgenic substances 
among which androstcrone isoandrostcrone, 
and cttocholanolone arc some of the more im 
portant 

Estrogen is secreted by cells of the ovary 
follicular thecal granulosal, luteal and pos 
sibly by the ovarian cortical stroma The nat 
urally occurring estrogen is estradiol and two 
of Its more important derivatives arc estrone 
and cstriol 

Androgenic and estrogenic substances can 
be obtained from the adrenal cortex in men 
and m women and the adrenal cortex is the 
chief source of androgenic hormone in 
women The more important steroids from a 
clinical point of view that have been isolated 
from the adrenal cortex are cortisone 17 
hydroxycorticostcronc (hydrocortisone) dcs 
oxycorticosteronc and aldosterone 

Small amounts of androgen are believed to 
be produced m the stromal elements of the 
ovary [123] and small amounts of estrogen by 
the Sertoli cells of the testis 

Progesterone is produced chiefly by the cor 
pus lufeum of the ovary and m small 
amounts by the testis and the adrenal cortex 

Release of Hormones from Target Glonds 

The mechanism of release of these hor 
mones from the target glands has not been 
determined It is supposed that the trophic 
hormones of the hypophysis alter the per- 
meability of the cells of the target glands 
or produce a change m the physical character 
istics of the intracellular substances that results 
m the release of the hormones 

Regulatory Mechanism of Hormone 
Secretion 

The hypothalamus is considered to influ 
ence directly the production of adenohypo 
physcal trophic hormones by means of hu 
moral agents originating in the hypothalamic 
fibers these agents are transmitted to the 
hypophysis by way of the hypophyseal portal 
vessels -and the output of hypophyseal trophic 


hormones is controlled by a physiologic mech 
anism According to this concept high blood 
concentrations of the hormones secreted by 
the target glands such as the gonads and thi. 
adrenals depress the secretion of hypophysei! 
trophic hormones that in turn regulate the 
hormonal output of these target glands low 
concentrations in the blood cflccl an increased 
secretion of the appropriate trophic substances 
by the adenohypophysis There is cvidtncc 
Ihnt a neural ns well as a hormonal mechanism 
IS involved in the regulatory process 

Androgenic and estrogenic hormones are 
secreted b) each sex possibly because of the 
common cmbryologic origin of the testis and 
the ovary It is believed that a stale of equi 
librium is maintained bj a relatively constant 
rnlc of hormonal secretion by the endocrim. 
glands Ihnt changes m equilibrium take place 
m accordance with varying needs of the or 
ganism and that when these needs arc sup- 
plied homeostasis is rc-cstablished The com 
plcxilics of this mechanism are not too veil 
understood Hormonal equilibrium can be in 
flucnccd b) unphysiologic measures of ^ 
mentation or withdrawal of hormones Tbe 
administration of large amounts of cstroavn 
or androgen decreases the production and 

lease of gonadotropins adrenocorticotropms 

and prolactin by the hypophysis Withdraw 
of hormones (castration) lowers the circua 
mg gonadal hormonal titer may induce en 
largemcnt of the hypophysis and increases e 
production and release of gonadotropins 
After castration a decrease of urinary estrev 
gcnic and androgenic substances in men an 
m women may be observed Subsequent ) 
substantial amounts of these products may 
«>ntinue to be excreted however and may « 
recovered from the urine of either sex 

The rnfluence of Nutrition on Produelion, 
Inactivation, and Excretion of Hormone 

PRODUCTION AND ACTIVATION 
OF HORMONES 

An adequate state of nutrition is necessarv 
for the production activation inactivatwn 
and excretion of hormones Despite an o e 
wise adequate diet the lack of sufficient qua 
titles of particular food elements 
growth factors chemical substances and mi 
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eral elements can mterefere with the pro 
duction action inactivation and excretion of 
hormones A low protein diet can effect sup 
pression of adenohypoph)seaI secretion in 
rats and m humans For the proper function 
ing of the adrenal glands vitamins such as 
ascorbic acid thiamm riboflavin and panto* 
theme acid are necessary Acute pantothenate 
deficiency in rats can induce adrenal hemor 
rhage and necrosis this can be counteracted 
by the administration of pantothenate there 
is evidence that the adrenal is unable to elab 
Orate hormones durmg the period of panto 
thenate deficiency [95] 

An adequate amount of vitamin E is cssen 
tial to obtain full androgenic effect on the 
comb of the capon To induce characteristic 
estrogen effects on the oviduct of the chick 
folic acid in sufficient quantity must be pres 
entm 64] 

Starsation can decrease the production of 
hormones and also can decrease the ability of 
the liver to inactivate them (see below) War 
prisoners on a starvation diet developed bi 
lateral gjnecomastia when released from 
prison and provided with an adequate diet 
[75] An explanation for this phenomenon was 
that both estrogen production and hepatic 
function were depressed bv inadequate diet 
that when an adequate diet was supplied hot 
mone production outstripped hepatic function 
recovery so that inactivation of estrogen by 
the liver was delayed lesulung in gyneco 
mastia 


INACTIVATION AND EXCRETION 
OF HORMONES 


The function of organs other than the liver 
m (he intermediate metabolism of the steroid 
ormones is not as yet understood It has been 
suegested that the kidney may participate m 
t c metabolism of the steroid hormones and 
t It the blood maj contain an enzy me that 
0^1 izes estrogen to a biologically inert sub 
* suggested that estrogen 

" Circulates probably as a protein or 
^ornplcx IS removed from the 
hepatic cells and is there con 
^ substance of little or no cs 
possibly by an enzyme to 
^ the name of estrinase has been given 
cr tcmporarj storage m the hver the sub 


stance is reactivated and excreted into the 
bile with which it enters the duodenum it is 
then reabsorbed and agam passes through the 
liver undergoing an enterohepatic circula 
tion similar to that of the bile acids ultimately 
It IS converted into a permanently inactive 
substance that is excreted m the urine as a 
sulfate or glucuromdate conjugate or is grad 
uahy destroyed [14 15] It is supposed that 
progesterone is converted to pregnanediol in 
the liver conjugated with glucuronic acid and 
m this form is excreted in the urine There is 
evidence that androgen is inactivated in the 
liver and that some is converted in the body 
into an estrogenic substance probably estrone 
An adequately functioning hver is a pre 
requisite for inactivation of steroid hormones 
Some experimental evidence indicates that a 
vitamin B complex deficiency in rats decreases 
the capacity of the liver to inactivate estro 
gen [10] This may be due to liver damage 
resulting from decreased protein intake asso 
ciated with vitamin deficient diets A cirrhotic 
liver unable to inactivate estrogen may in 
duce persistently high blood levels of the 
hormone and may cause testicular atrophy 
gynecomastia or both 
It is believed that about two thirds of the 
urinary androgenic substances and some of 
the estrogens in men and all the urinary andro 
genic substances and some of the estrogens in 
women are derived from products elaborated 
by the adrenal cortex (15 81 107, 118] 
These metabolites of adrenal cortical sub 
stances belong as do the metabolites of testos 
tcrone to the group of 17 ketosteroids [91] 
There are significant qualitative and quanti 
tative changes m the excretion pattern of 
17 ketosteroids m certain patients with neo 
plastic conditions [27] and certain neoplasms 
of the gonads and adrenal cortex arc asso 
ciated with high excretion levels of 17keto 
steroids (Table 32 1) 

MECHANISM OF SEX HORMONE ACTION 
ON TARGET ORGANS AND TISSUES 
Growth maturation and functional activity 
of mammalian reproductive organs are m 
fluenced bv appropriate sex hormones Endo 
genous or exogenous sex hormone stimulation 
induces at first an imbibition of water and 
electrolytes by the tissues of the generative 
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TABLE 32 1 — Summary or ANORoerNS and J7 knosTtRoms jn HuitAN Urine* 


Mules 

Per cent o/ Per cent of 

normal adult normal adult 



male le\el 


female le\el 


Attdro 

77 keto 


Andro 

77 keto- 

Status 

sens 

steroids 

Status 

gens 

steroids 

Boys 5 yr 

3 

5 

Girls 5 yr 

5 

5 

10 yr 

10 

10 

10 yr 

10 

10 

14 yr 

20 

50 

14 yr 

25 

60 

Old men 

15 

30 

Old women 

25 


Eunuchoid 

40 


Eunuchoid 

Ovanectomized 

33 


Castrate men 

40 


women 

50 

100 

Addisons disease 

50 

3fi 

Addisons disease 

70 

36 

Pituitar> 



Pituitary 


10 

insufficiency 

3 

5-10 

tnsufliciency 





Cushing s syndrome 

40 

163 

Hyperthyroidism 

50 

80 

Hyperthyroidism 

10 

60 

Myxedema 

Interstitial cell 


57 

Myxedema 


16 

100 

tumor of testis 


10 000 

Chonoepithelioma 


Seminoma 


ISO 

Hydaliform mole 


100 

Teratoma 



Hirsutism 


200 

testis 


133 

Without tumor 

100 

Macrogenitalism 






{Prepuberal boys) 


100 

Adrenal cancer 

Up to 

4 000 

Up to 

20 000 


•This table la a suitimary of the concentrations of androgens and li ketosterolda In the urines of 
mal and diseased humans The table Iliustrates relative magnitudes rather than a strict range ot co 
tratlons of th^e substances in the \arious conditions , , 

From R I Dorfman <n G Plncus and 1C V Thlroann eds TAr flomioKes PhysMogy Chentwtry « 
AppHeafJons New York Academic Frees Inc 1915 \ol 1 p 615 


organs There is subsequent true growth of 
these tissues evidenced by mitosis and increase 
in their dry weight by an attendant increase 
in deposition of protein and glycogen in the 
tissues and by an increase in tissue metabolism 
with resultant mcrease in fibroblasts collagen 
and smooth muscle 

Growth of specific tissues such as the 
prostate and the seminal vesicle subsequent 
to androgen stimulation and the growth of 
the breast and uterus subsequent to estrogen 
stimulation are general effects shared by the 
cnlire body but most marked in the generative 
organs This is due to an mcrease in nitrogen 
retenUon by the organism and an increase in 
the vascularity of the organs rather than to 


specific hormonal stimulation of the tissues 
involved There is a more marked 
anabolic effect induced by androgen than y 
estrogen . 

The maturation effect of the gonadal o 
mones is specific for the sex organs 
specificity IS mdependent of the indivi u i 
sex Estrogen can stimulate the developwen 
of breast tissue in the male and androgen « 
stimulate maturation of the rudimentary pf 
tate in certain female animals 

INHIBITION AND SYNERGISM 
OF HORMONES 

There is evidence that the action of 
hormone upon a given somatic tissue can 


Clinical \ppIicallon of Hormones In Cancer Tlierap> 
flucncc the efTcct of another hormone the 
administration of androgen can inhibit the 
cstrus c)cle in mice and the stimulating effect 
of androgen on the growth of the capons 
comb can be retarded by concurrent estrogen 
administration (12) 

Synergism also is important in hormonal 
interrelationships The characteristic influence 
of one hormone upon an end organ may not 
be obtained unless another hormone is ad 
ministered to prepare the organ endometrial 
changes characteristic of progesterone stimula 
tion arc difllcult to induce without preliminarj 
preparation of the endometrium by estrogenu. 
substances [12] The luteinizing hormone (LH) 
svnercizcs with the follicle stimulating hor 
mono (FSH) to produce estradiol and ovula 
tion In hypophyscctomized rats the luteiniz 
mg hormone and the follicle stimulating 
hormone must be administered m the proper 
proportions to induce ovulation [12 111 ] 

To effect proliferation of the mammary gland 
lutcotropin syncrgizes with estrogen [ 12 ] 

GENERAL PRINCIPLES OF ENDOCRINE 
THERAPY FOR NEOPLASTIC DISEASES 
In principle endocrine thenp) for neo 
plasia is an attempt to change the tumor host 
relationship b) altering the existing hormonal 
equilibrium Thu therapy should be cm 
plosed onl) for patients with inoperable 
recurrent or metastatic neoplasms 

Methods of Altering Hormonal Inter 
relolionships Employed in the 
Treatment of Neoplastic Diseases 

castration 

The oldi.st method for altcnn!; existing hor 
monal inicrrclaiionships castration removes 
of origin of gonadal hormones Schin 
cf in {be liucr part of the nineteenth 
^ucctst the relation 
P tween ovarian function and brcj>t 
«rcinoma (1 19] a few scars later Ilcilson 
ihe favorable response induced bv 
'ft a small group of womvn 
, 1.5 carcinoma of the breast After 

Ihc roentgen rav in IS 9 ^ 
j Castration vsas performed as a palln 
1 M M carcinoma of the hreiv! 

f'fc rcccntlv orchicetomv wis rntrsv 
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duced as a therapeutic measure for advanced 
carcinoma of the male breast and of the 
prostate Castration is an established and 
important measure of palliation for advanced 
carcinoma of the breast in women and for 
carcinoma of the breast and of the prostate 
in men [52 62 70 128] 

ESTROGEN 

Estrogen was isolated from ovarian tissue 
bj Allen and Doisy m 1923 [3] and its car 
cjnogenic property in tests on animals was 
subsequently established The important ob 
scrvaiion of Hnddow and his group that cer 
tain s}nihctic carcinogenic hydrocarbons with 
estrogenic activity could retard growth of 
malignant tissue suggested to their the trnl 
of these substances [6 50) They obtained 
regression of tumors m some women with 
advanced carcinoma of the breast The cstro 
genic hormones have now become important 
agents m the palliative minagcment of ad 
vanced breast and prostatic carcinoma [58, 
981 

PROGESTERONE 

The active principle of progesterone was 
extracted from the corpus lutcum of the ovary 
by Corner and Allen m 1929 Since this hor 
monc antagonizes or inhibits estrogen activity 
Its use as a possible therapeutic agent in ad 
vanced brc'isl and endometrial carcinoma has 
been investigated 

androgen 

Androgen was extracted from animal testes 
in 1928 and seven years later pure testosterone 
was synthesized [25] In 1939 Looser and 
Ulrich independently sugccsied the possiblt 
therapeutic usefulness of this hormone The 
value of androgen as a therapeutic agent sub 
sequcntly was established [I 59] when re 
gression of cancer in women with advanced 
breast carcinoma was obtained by the ad 
ministration over rebtiveh long time intervals 
of relaiivclv large amounts of testosterone 
propionate * 

I irp**"!*! N rre T1 «■ iitlllMil n of fri p^r I »«• 

f fi> Irec n «a »l Ir >1 rrmnnn l n 
I t Imi riant f n r In trr »llt c * 1 ■»» I r 4 t 
r^r«'ln I* ■> Th rt f cim» rtftnrllr a 1 jl 1 
1 7 It trn sn t flf In t'K I il 1 > m •«t fr 

ftly « S In 
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ADRENOCORTICOTROPIC HORMONE 
AND CORTISONE 

Dougherty ^nd White m 1943 dcmonstralcd 
that adrenocorticotropic hormone (ACTH) 
decreased Ivmphoid tissue m mice Subsequent 
clinical investigation indicated that cortisone 
as well as ACTH induced temporary re 
gression of certain lymphomatous lesions and 
symptomatic improvement of the patient 
Acute leukemia lymphatic leukemia lympho- 
sarcoma Hodgkin s disease and multiple 
myeloma may respond favorably to ACTH 
and cortisone therapy [32 131] 


Inhibition of hypophyseal ACTH secretion 
may be induced by the adminislrdlioa oC 
cortisone, depression of ACTH secretion di 
minishcs estrogen and androgen secretion of 
(he adrenal cortex thus cortisone administra 
lion may produce the same effect as adrenal 
cctomy on mammary carcinoma and its host 
m some instances 

ADRENALECTOMY 

Gonadal adrenal and mammary gland in 
(crrcfalionships have been demonstrated mcer 
lam strains of mice [37 140] In this species 


TABLE 32 2 — ^Thc Various Methods na Which Altered Horvioval Relationships Mw 
Be Produced and the Conditions tor Which They Have Been Employed With Some 
Degree or Success 


Withdrawal or hormones 
Castration 

Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 
Urinary bladder carcinoma 
Testicular neoplasms 
Benign neoplasms 
Fibromyoma of uterus 
Endometrioma 
Desmoid tumor 
Fibroadenoma 
Adrenalectomy 

Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 
Irradiation of the Hypophysis 
Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 
Hypophysectomy 
Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 


Administration or Hormones 
Estrogens 

Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 
Ovarian carcinoma 
Cervix uteri caremoma 
Choriocpithehoma 
Progesterone 

Malignant neoplasms 
Cervix uteri carcinoma 
Mammary carcinoma 
Prostatic carcinoma 
Androgens 

Malignant neoplasms 
Mammary carcinoma 
Cervix uteri carcinoma 
Fundal carcinoma 
Ovarian carcinoma 
Benign neoplasms 
Endometrioma 

Adrenocorttcotropin (ACTH) 
and Cortisone 

Malignant neoplasms 
Mammary carcinoma 
Prostatic carcinoma 
Acute lymphatic leukemia 
Chronic lymphatic leukemia 
Plasma cell myeloma 
Lymphosarcoma 
Hodgkin s disease 
Benign neoplasms 
Keloid 



Clinical Application of Hormones in Cancer Therapy 
gonadectom) has induced adrenal hyper 
trophy adrenal cortical tumors and fre 
c^uently carcinoma of the mammary gland 
After gonadectomy, significant amounts of 
unnar) estrogenic substances are still present 
in women and urmarv androgenic substances 
m men The most important extragonidal 
source of these hormones is believed to be the 
adrenal cortex After adrenalectomy a fur 
ther diminution m urinary excretion of andro 
gemc and estrogenic substances may be 
observed These observations suggested jn 
\esligation of the effect of adrenalectomy on 
sex hormone dependent neoplasms When sub 
stitution therapy became possible after the 
isolation of cortisone adrenalectomy became 
a practicable procedure The most promising 
results have been obtained in men and women 
ivith breast carcinoma Some patients With 
prostatic carcinoma have obtained palliation 
from adrenalectomy however by comparison 
with the results obtained m patients with car 
emoma of the breast the number benefited 
and the extent of improvement is far less 

HYPOPHYSeaOMY 

The hypophyseal gonadotropic and adreno 
corltcotropic hormones through their effect 
on steroid hormone secretion are believed to 
influence the growth of certain neoplasms 
Prolactin a hormone elaborated b) the adeno 
h>poph)sis IS believed to synergizc with estro 
gen to stimulate mammary growth and lacta 
lion the administration of prolactin can 
induce lactation m some women with breast 
carcinoma regardless of the patient s age 
Somatotropin the growth hormone also 
elaborated by the adenohypophysis ma) in 
lienee the growth of neoplasms By climmat 
'"g these hormones and their possible effects 
on certain neoplasms hypophyscctomy can 
ucc favorable effects The most promising 
Is of this procedure have been obtained 
w rnen and women with advanced caremomi 
»hc breast 

OP hormonal therapy 

SPECIFIC MALIGNANT NEOPLASMS 
Hormonal Therapy for Advanced 
Cofctnoma of the Breast 

castration 

C'idcncc at present that pro- 
ictic Castration delays the appearance of 
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metdstases or increases the cure rate of patients 
who have undergone radical mastectomy for 
carcmomi apparently confined to the breast 
The use of this procedure has been advocated 
by some for patients with extensive axillary 
nodal involvement at the time of mastec 
tomy however it is generally believed that 
castration should be rcser/ed for use as a 
therapeutic measure until indications for 
prophylactic castration are more definitely 
established 

Therapeutic castration has its greatest use 
fulness m menstruating women with widely 
disseminated metastdscs Surgical castration 
has the advantage of maximal suppression of 
gonadal hormone secretion m the shortest 
penod Radiation castration can induce effec 
live response m women near the menopause 
and should be used for patients whose con 
dition does not warrant surgery For a 
more rapid castration effect testosterone pro 
pionate may be administered concurrently for 
two months since the desired effects of castra 
tion by X ray are usually obtained withm this 
time The administration of androgen can m 
duce amenorrhea but the hormone should 
not be used in preference to surgical or x rav 
castration Castration may be of value in the 
postmenopausal patient with a relativclv high 
urinary excretion of estrogen or whose vaginal 
smear indicates estrogenic activity 

Favorable response to castration may be 
obtained in about 30 per cent of patients with 
advanced carcinoma of the breast There may 
be relief of pain cough and dyspnea appetite 
may be incrciscd and anemia and hyper 
calcemia may be corrected also calcification 
of osteolytic foci and regression of soft tissue 
lesions may be obtained [114) Regression of 
soft tissue cancer and x rav evidence of cal 
cificaiion of osteolytic foci may not be detect 
able for several months after caslntion All 
these changes do not necessarily take place in 
any one patient or at the same time The 
benefits arc maintained for the most part for 
several months to a year some patients have 
maintained remission for several vears (Fig 
urc 32 2 B) 

Ovariectomy occasionallv is followed by ac 
ccleration of growth of the neoplasm in these 
instances it is possible that the ovaries exert 
a restraining influence on the growth of the 
carcinoma cither dircctlv or throuch hor 
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monal intcrrchtionships with other endocrine 
ghnds possibly the adrenal or hypophysis 
Gonadectomy, by removal of this restraint 
could therefore permit the more rapid growth 
of the carcinoma 

To predict the possibility of response to 
castration the following procedure has been 
suggested [76, 108] Over a period of scvcnl 
days small amounts of estrogen arc adminis 
tcred to the patient, if exacerbation of the 


pam increase in strength and appetite and 
generally improved health and morale Tbere 
may be regression of the primary tumor and 
of soft tissue mctaslascs, calcification of ostco> 
lytic mctastascs may occur and there maybe 
correction of hypercalcemia A larger per 
centage of men than women obtain favorable 
results from castration these cITects however 
usually arc of short duration as in women 
ssiih carcinoma of the breast The improved 



Fig 32 3 A Radiograph of th« tkull of a fifly-ono yeor old v»omon with breast carcinoma showing osteoyf'* 
lesions This patient received roentgenotherapy to the lumber spine ond pelvis which produced permanent ainen 
orrhea Pa n in the lumbar region quickly subsided B Radiologic stud es years Inter reveoled recoleifiCQ 
of all the osteolytic foci The effect on distant metosloses such os thof in the skull wos undoubtedly a costro o 
effect 


disease is induced (hypercalcemia hypercal 
emuna malaise) the carcinoma is considered 
estrogen sensitive and favorable results may be 
expected from castration This test is appli 
cable only when osseous metastases are pres 
ent Some observers have not found this test 
effectual [74] further experience is necessary 
to evaluate this procedure 
In men with advanced carcinoma of the 
breast orchiectomy may produce palliation 
[62 99] Since the testicular interstitial cells 
are apparently radioresistant roentgen castra 
tion rarely produces the desired effect on the 
neoplasm The testes can remain functionally 
active during the individual s lifetime there 
fore orchiectomy may be of value at any age 
The favorable responses are diminution of 


condition is maintained for several years in 
an occasional patient (Figure 32 3) 

ADRENALECTOMY [24 73 138] 

Reactivation of breast carcinoma subse 
quent to castration mduced regression as 
been attributed to stimulation by adrena 
steroid hormones since the special ^ 

produced by the adrenal cortex resembe 
those of the gonads Ovariectomy has no 
immediate effect on urinary excretion o 
17 ketosteroids indicating that they are o 
extraovanan origin probably from the adrena 
gland [53] Also vaginal smear studies re 
veal a return of estrogenic activity subsequen 
to ovariectomy indicating estrogen pro 
tion probably by the cortex of the adrena 
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gland 111] Likewise subsequent to orchiec 
tomy there is usually a temporary fall in 
urinary 17 ketostcroids which after a time 
return to higher levels presumably as a con 
sequence of an increased production of ster 
oidal substances by the adrenal cortex [81 


519 

of the breast who respond favorably to castra 
tion are considered those most likely to benefit 
from subsequent adrenalectomy however 
since favorable results have been obtained in 
patients who were not improved by castration 
or by other forms of hormonal therapy this 



Fig 32*3 A sixty fve year old man underwent a left radical moslectemy and was 
asymptomatic for three yean Then pain was experienced in the right shoulder and 
lumbar region wh ch finally incapacitated the patient Reenigenogrami taken at this 
lime reveoled widely disseminated osleatylic lesions (Ml) Biloterol orchiectomy wos 
performed Within two weeks there wos diminui on of pom and roentgenograms token 
three months after castration revealed evidence of calcification in the osteolytic foci 
(right) The patient wos rehabilitated and returned to work The improved status was 
mointa ned for a year then symptoms recurred the patient retrogressed rapidly and 
d ed of cancer 


] The resurgence of gonadomimelic sub 
anccs is generally considered a factor in the 
trftl?Tu neoplasms that had been con 
® y gonadectomy Following adrenalcc 
my there can again be a fall in the urinary 
‘ / kclosteroids and in some instances rc 
sue changes in the neoplasm and improve 
of the patient 

Icn and women with advanced carcinoma 


cannot be considered a decisive criterion It 
has been suggested that the age group most 
likely to obtain benefit is between forty and 
sixty five years and that a long interval be 
tween mastectomy and appearance of metas 
tases increases the likelihood of remission 
Extensive cerebral hepatic or pulmonary 
cancer is considered a contraindication to the 
procedure however a few instances of symp 
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Fig 32-4 A fftxyearold woman menstrual ng 
regulorly had wideipreod osteolyte lesions and pathe 
logic fractures secondary to caranoma of the breast 
The roentgenogram (upper feft) was made four months 
after the cast had been applied There is no evidence 
of calcification or callus formation The patient then 
received irrad ation to the hypophys s 200 kv 3 000 r 
in air to each of two temporal and one frontal port 
Roentgenogram (upper ngfit) was taken four months after 
completion of hypophyseal irradiatan there is evidence 
of colcfcotion of the head and neck of the humerus 
Roentgenogrom (fowe ) token nine months after com 
plet on of hypophyseal irrod otien reveals dense colci 
heat on in some osteolyt c foe ether foci in the shofi 
have net recolcified The pat enl d ed of the concer 
ten months subsequent to the hypophyseal irrodiot on 
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years “ind those not older (hnn sixty ytirs ire 
believed to have a greater Jikchhootl of 
favorable response Cerebral and hcpitic 
mclastascs arc consteftred contramdications 
for tbt procedure 

The l^ncficial effects of hypophyscctomy 
'ire of the same niturc apparently, as those 
induced by castration and b> adrenalectomy 
About 40 to 50 per cent of the patients oWim 
either subjective or objective improvement or 
both The most striking improvement has been 
the relief of pain [89, 109J The average dura 
tion of the improved state is about 8 months 
m one reported senes, some patients arc 
maintained in remission for scvcnl years 

The preoperative and postoperative corti 
sons management of these patients is simitar 
to that of the adrcnnlcctomircd patient In 
iddition the hjpophyscctomizcd patient is 
maintained on thyroid 3 to 5 gr daily, and 
vasopressin (Pitressm) when neecssar) — the 
litter for control of diabetes insipidus which 
IS reported to be severe m about 50 per cent 
of these patients 

Some have suggested hypoph)sectomy as 
the primary therapeutic procedure for selected 
patients with advanced mammary carcinoma 
However much more experience is necessary 
to determine the optimal time m the course of 
the disease for its use and to cvnluatc its 
effects With the knowledge available at pres 
ent jt would seem (hat the primary therapeutic 
measures should be the simpler procedures 
and that when these arc no longer effective 
or have faded procedures such as adrcnalec 
tomy and hvpophysectomy should be con 
sidered 

ESTROGEN THERAPY 

The administration of steroid hormones dc 
presses the production of gonadotropic and 
other hypophyseal hormones [16 34 43, 1361 
Among other results is a diminished gonadal 
steroid hormone secretion which may induce 
effects on breast carcinoma similar to that of 
gonadectomy or hypophysectomy [97] 

The greatest usefulness of estrogen therapy 
IS m women five or more years postmenopause 
either spontaneous or induced The hormone is 
of particular value m patients with soft tissue 
metastases Its use m menstruating or recent 
postmenopausal women and on occasion in 


women well pisl the menopause ma) accel 
crate the disease process [4 5 58] ITits miy 
be the result of producing a hormonal eo 
vironment favorable to the growth of tbe 
neoplasm or of a direct stimulating effect on 
the neoplistic cells The rapid growth of 
breast eircmoma m the pregnant patient may 
he due to the presence of pfaccnlal estrogvn 
It his been reported however that massive 
doses of estrogen 1 000 mg daily induced 
imenorrhca ind favorable effects in some 
menstruating women This regimen warranh 
further investigation 


Treatment Plan 

A satisfactorv treatment plan is the oral 
administration of 15 mg of dicthylsulbesho! 
daily, in divided doses Some patients mav not 
tolerate this drug but may have no difficult) 
with the natural hormone preparations 
as ethinyl estradiol which can be admimstcreu 
orally, 1 mg three times a day or estrone 
sulphate, 10 mg orally three tunes ^ 

The parenteral administration of estradiol 
dipropionate 5 mg twice a week, « an 
fcciivc therapeutic regimen for some palieots 

A favorable response may be oblaine 
within a few weeks however most patien 
require three to four months of treatmen 
and for an occasional patient a longer trea 
mcot period may be required If no favora e 
response is obtained after three or ® 
months continued estrogen therapy is usua ) 
ineffective Patients responsive to 
therapy should receive the hormone as ODp 
as remission is maintained When the isc^ 
reactivates an occasional patient may o 
an addition’ll period of remission by ® 
of androgen 


Favorable Effects of Estrogen Theropy 
About 40 to 50 per cent of the 
obtain objective regression of disease an 
of these patients also obtain relief o 
toms Hematopoiesis mav be stimulate 
correction of an existing anerrua an Jf 
instances polycythemia is induced [12 i 
anabolic properties of estrogen may . 
weight loss About half of the patien s 
soft tissue lesions obtain healing of u 
and regression of soft tissue tumors sue 
skin nodules involved lymph nodes ano 
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primary carcinoma [22 58 98] Of the pa c 
tients with pulmonary melastases about 30 \ 

per cent show regression of the lesions which r 
IS especially gratifying when compared to the r 
response obtained with androgen in patients t 
With pulmonary metastases (Figure 32 5) f 

Regression of soft tissue lesions may be f 

the result of the desmoplastic action of the o 
hormone the fibrosis enmeshes the cancer a 
Cells which frequently exhibit degenerative s 
changes such as nuclear disintegration and f 
vacuolization of the cytoplasm similar to that g 
observed after intensive irradiation of breast 
carcinoma [38 41, 101] p 


obtained in about 20 per cent of the patients 
with osteolytic lesions some of which may oe 
replaced by normal appearing trabeculations 
regression of soft tissue disease may be de 
tected before the osteoblastic changes, the 
former changes may occur a few weeks to 
four months after treatment is instituted 
o teoblastic changes may require a long period 
and on occasion may not be evident for 
seven or more months which is longer than 
for a comparable change subsequent to andro 
gen therapy (quod \ide) 

The improved state is maintained m most 
patients for several months to a year longer 



Estrogen causes retention of calcium a 
negative calcium balance in consequence of 
Widespread osteolysis and loss of calcium 
through the urine and feces may frequently 
c corrected by the administration of estrogen 
ilOl 113 ] Yhe retention of calcium favors 
redcposition of this mineral m the osteolytic 
oci of metastatic carcinoma with resultant 
■niinution or disappearance of pain and less 
cn^ likelihood of pathologic fracture 

strogen is thought to have a specific stim 
3ting effect on osteoblasts It has been sug 
Ccstcd that estrogen acts on bone metastases 
a ual capacity by inhibiting the growth of 
and simultaneously or success 
SIS calcification and osteogcnc 

acification of osteolytic metastases is 


penods of remission have been obtained m 
some patients One of the writer s patients a 
woman with osseous and soft tissue metastases 
was maintained in comfort for almost five 
years The favorable response to this therapy 
IS more often obtained in the elderly women 
In a group of thirty six patients treated by the 
writer with 15 mg of diethvistilbestrol favor 
able subjective and objective response was 
obtained in fourteen patients (39 per cent) 
ten of these patients (71 per cent) were sixty 
>ears and older 

In certain patients estrogen therapy may 
sensitize cutaneous metastases to subsequent 
X ray therapy and less irradiation is necessary 
with this therapeutic sequence There is sug 
gestive evidence that patients who obtain 
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bcncficnl clTccts from tsIrojjCn thcnp) hive 
T longer period of survlv^l than lliosc who 
fail to respond to this thcnp) 

Other Effects of Estrogen Therapy 
Undesirable effects induced by estrogen 
therapy ma) be retention of sodium potis 
Slum and chloride, with resultant edema these 


thenpv Bleeding due to stimulation often 
subsides spontaneously during treatment or 
if the dail) dose of estrogen is increased If 
bleeding IS not arrested b) these methods 
estrogen Ihcrap) should be terminated For 
persistent bleeding curettage is indicated to 
chmmale the possibilit) of endometrial car 
cmomi 



fg 32-6 A ffly n ne year-otd woman teven yeon potlmenopouie davetoped generoliied oilootylie 
one yeor offer rod cal moilectomy for corctnoma (Mt) TejtoMerone propionate 100 mg three limet o ««« , 

odmin.stered for two monlhi for a totol of 2 400 mg TJ.* pom d lappeored the potent become “"’‘’ulafo'Y a 
reentgenogromj token three months offer Institution of androgen therapy reveoled eoleireaton of the osteo yf 


effects may be controlled by restriction of salt 
intake and the use of diuretics and cardiac 
drugs Unnary stress incontinence can be on 
occasion an extremely uncomfortable com 
plication the discomfort may be ameliorated 
by the use of a vaginal pessary to support the 
bladder 

Uterine bleeding due to estrogen sUmula 
tion or to withdrawal of the hormone may 
also be an undesirable consequence of estrogen 


Hypercalcemia may be a serious 
qucnce m the cachectic and nonambu a o y 
patient and on occasion may 
fatally this complication is discussed mo 
fully under the section on androgen therapy 

PROGESTERONE THERAPY 

An occasional patient has ^ 

favorable response to therapeutic , 

tion of this hormone [130] The advoca 
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dose IS 100 to 250 mg of progesterone m oil 
injected intramuscularly daily [45] The thera 
peutic value of this hormone has not as yet 
been established 

ANDROGEN THERAPY 
The value of androgen therap) as a pro 
phylactic measure to prevent or delay re 
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predominantly osseous metastases Elderly 
women with predominantly soft tissue metas 
tases preferably should be treated with estro 
gen TTie younger menstruating woman should 
be castrated preferably surgically if the 
cancer is inoperable recurrent or metastatic 
Androgen should be reserved for use in these 
women when disease reactivation occurs so 



ffonlrfj The patient remoined aiymptomaft for • gM anonlht ond then pom recurred eouiing folol 
Ihe ^ ^'tl^tpreod bone d ssolutien (Ittt) Eitrogenic therapy was 

t on '"9 d ethylstilbestrol daily for o toiol of 1 dOO mg over four months There was gradual dimino 

fi«n tk patient became semiambulolory Roenig nogramt taVen eight months after institution of estro 

oaoin revealed calcifeat on of the osteolytic lesions fngfcfj Afler this remissiori of eight months the cancer 

eeome reactivoted ond the pot enl died 3 5 yeors after the frsf trio! of hormonol therapy 


current or metastatic breast cancer has not 
established Unlike estrogen therapy 
fogen may be administered to women of 
any agg 

grealest usefulness of androgen therapy 
'Q women at the menopause a few years 
postmenopause and m elderly women with 


as to obtain if possible an additional period 
of remission \Vhcn bone metastases arc 
localized roentgentherapy is the procedure 
of choice Androgen therapy should be re 
served for patients with osseous metastases so 
extensive that it is not practicable to irradiate 
them 
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An increased urinary excretion of estrogen 
sometimes follows the administration of andro- 
gen to postmenopausal or castrate women and 
suggests that m some instances androgen may 
be converted into estrogen and that it is the 
estrogen rather than androgen that produc'^s 
the favorable results 

Treatment Plan 

A satisfactory treatment regimen is the m 
tramuscular administration of testosterone 
propionate, 100 mg three times a wceV m 
some patients half of this dose has induced 
favorable effects [22] Favorable effects arc 
usually obtained within six weeks in patients 
responsive to this treatment some patients 
obtain relief of pain within a few days to a 
week after treatment is instituted If no bene 
ficial effects can be obtained after the adminis 
tration of 3 5 Gm of testosterone propionate 
continued administration of the hormone 
rarely effects a favorable response 
Two general plans of treatment may be 
used One plan is to administer androgen until 
favorable response is obtained usually within 
eight to twelve weeks the hormone is then 
withdrawn and therapy is discontinued during 
the period of remission a variation of this 
procedure is to continue administering the 
hormone until the regressive changes become 
stationary and then to withdraw the hormone 
Continued treatment often is unnecessary and 
uncomfortable for the patient The other plan 
of treatment is to continue administering the 
hormone after improvement is obtained using 
either the initial dosage schedule or small 
so called maintenance doses The writer pre 
fers the plan of interrupted hormone adminis 
tration 

The favorable effects of this therapy are 
maintained m general for several months to 
a year some patients have maintamcd the 
improved state for several years Reactivation 
of cancer may be checked and an additional 
period of remission obtained in some patients 
by the resumption of androgen therapy by the 
administration of estrogen in the postmeno 
pausal women and by withdrawal of the 
hormone m the continued hormone admims 
tration plan of therapy (Figure 32 6) 

Other methods of androgen admimstraUon 
have been employed methyltestosterone 


orally 100 to 200 mg a day, or sublinguall) 
50 (o 1 00 mg a day , and implantation of 500 
lo 1,000 mg of cryslalhnc testosterone m 
pellet form Methyltestosterone may induce 
regressive changes in the neoplasm and an 
improved state m some patients and crystal 
line testosterone may induce beneficial effects 
m an occasional patient allergic to the pio- 
piomtc or intolerant of large amounts of 
methyltestosterone Oral administration of 
androgen has the disadvantage of rapid drua 
excretion and on occtsion, methyltestosterone 
may induce jaundice The propionate is m 
an Oil medium absorption and excretion are 
prolonged and a more uniform and prolonged 
blood level of the hormone is obtained 

Fovoroble Effects of Androgen Therapy 
Symptomatic improvement is obtained in a 
Hrgcr percentage of patients after androgen 
than estrogen therapy and regressive changes 
in osteolytic disease are induced within a 
shorter period of time and in a higher per 
centage of patients Regression of soft tissue 
ncophsia especially pulmonary melastases is 
more effectively induced by estrogen 
Sy mptomatic improvement may be obtained 
m over 60 per cent of the patients and ob 
jective improvement m about 30 per cent 
Cilcificalion of osteolytic metastases some of 
which may regain normal bone trabeculation 
IS evident to a greater or lesser degree m about 
25 per cent of the patients with osseous 
metastases, objective evidence of pulmonary 
disease regression is observed in less than 
per cent of patients with these metastases 
Stimulation of hematopoiesis with correction 
of an existing anemia can be obtained to a 
greater degree with androgen than withestro 
gen therapy Cerebral metastases seldom an 
hepatic metastases only occasionally regress 
with either hormone 

Androgen induces protein production 
either by stimulation of anabolism or by m 
hibition of catabolism The resultant musce 
formation counteracts to some extent 6 
weakness and cachexia associated with a 
vanced carcinoma and is a factor in 
mg a sense of well being in the patient ® 
anabolic reaction may also be a factor m 
deposition of fibrous tissue m areas of osteo y 
SIS This may interfere with the nutrition o 
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the cancer cells resulting m their devitahza 
tion and the fibrous matrix may also act as a 
frame\\ork for the dvposition of calcium re 
suiting m calcification of osteolytic foci 
Roentgen evidence of calcification may not 
appear until three or four months after msti 
tution of treatment An early indication of 
bone regeneration may be a rise m the serum 
alkaline phosphatase value and can precede 
roentgen evidence of calcification [47] There 
may be progression of osteolytic disease in one 
area with disease regression in another area 
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can create a difficult problem (Figure 32 7 ) 
Hypercalcemia occurs m about 10 per cent 
of semiambulatory or immobilized cachectic 
patients with osteolytic cancer This unfavor 
able effect may occur spontaneously or subsc 
quent to estrogen or androgen therapy [36 
60 126] on occasion the steroid hormones 
apparently accelerate neoplastic growth Hor 
monal stimulation of the cancer process ap 
pears to be accelerated by immobilization of 
the patient possibly the opposite obtains the 
mobilization of calcium is initiated by immo 



2 400 mg of t«tfo«terone propionate over a period of two monlkt Amenorrhea wot produced and the patient 
tempio ned of foil ng ho r that began three week* after hormonot therapy woi instituted The photog oph at 
tight was token two months offer termination of androgenic Iheropy ond shows the olepee a ond high forehead 
due to recession of the hair I ne 


Many patients however despite the appear 
ance of new metastatic foci maintain favor 
able subjective response 
Cessation of menses during androgen thcr 
apy so^allcd chemical castration has cer 
tain physiologic and psychologic advantages 
m certain patients the hormone induced 
amenorrhea is temporary and the menopausal 
symptoms usually arc less intense than those 
associated with surgical roentgen castration 

Ollier ERectj of Androgen Therapy 
Acne hoarseness alopecia chloral hyper 
' Virilism salt retention and edema arc 
nic of the consequences of androgen thcr 
J'l oarsencss and virilism may persist the 
arc for the most part reversible 
Teased hbido under certain circumstances 


bilization of the patient and accelerated by 
administration of the hormone The mobilized 
calcium is excreted through the kidneys which 
may be unable to eliminate the large quan 
titles so that hypercalcemia results There may 
be prc-cxistcnt renal damage in some patients 
and in others the kidneys may be damaged by 
the heavy load placed upon them [60] 

Hypcrcalctmia is characterized by lethargy 
and increasing depression associated with 
nausea vomiting and a progrcssisc rise of 
the serum calcium and frequently of the 
blood urea nitrogen levels The condition 
must be corrected for it can terminate fatally 
and the patient can die in uremn In some 
patients repeated episodes of hypercalcemia 
can occur (Figure 32 8) 

Treatment is directed toward reduction of 
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calcium intake, hydration of the patient cor 
rection of electrolyte imbalance, and con 
version of the ionized scrum calcium into a 
soluble nonionized form If hypercalcemia 
occurs during hormone therapy, the hormone 
should be withdrawn however, it has been 
reported that in an occasional patient spon 
taneous hypcrcalcemn may be corrected by 
idmimstration of the hormone, this procedure 


In an effort to obtain androgenic substances 
with greater effectiveness and fewer undcsir 
able consequences than the androgens in cur 
rent use new compounds have been sjalhe 
sized In general the effectiveness of the 
hormone depends upon its androgenic po- 
tency, the newer potent androgenic substances 
have not been superior to testosterone in their 
effect on neoplasia and have the same viniiz 



Fig 32 8 Chart demonitroling hypereaUcmio ln<Jirc«d by Isilotterano th»ropy Eoch $«rteeding ep«o 
ealcemia was moro intense appeared more promptly ond wos produced by o smaller dose or ****“’*/ „ tfit 

©note Despite the fall In serum calcium and blood «reo nitrogen levels ossoeloted with corrective i" 

potient died In oremic coma seventeen days ofter withdrowol of the testosterone propionate {time o 
d cated by dagger ) 


usually aggravates the condition 

Reduction of hypercalcemia has been ob 
tamed by specific medication Sodium citrate 
2 5 per cent solution is administered intra 
venously, in amounts of 250 cc every four to 
SIX hours until improvement is obtamed [60] 
however this treatment must be used with 
caution since m the presence of impaired 
kidney function large amounts of sodium 
citrate may produce alkalosis Cortisone ace 
tate m daily doses of 100 to 250 mg ad 
mmistered intramuscularly has corrected 
hypercalcemia m some patients chelatmg 
agents have produced temporary reduction of 
hypercalcemia but serum calcium quickly re 
turns to pretreatment levels [124] 


ing effects those with lesser androgenic 
tivity have been in general less virilizmS 
also have been less effective [44] 


ZORTISONE THERAPY 
The oral administration of cortisone ® 
:n daily doses of 200 mg has induce . 
lion of mammary carcinoma „ 

some advocate doses as large as , 
iaily [32] A favorable response 
lhat produced by gonadal steroid . 

therapy has been observed m some pa 
md regression of pulmonary rt 

l>een obtained Remission for the ^ 
is mamtamed for only a few months 
some evidence that newer corticosteroid 
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stances such as prednisone and prednisolone 
administered daily m doses of 100 mg have 
greater analgesic properties and a greater 
ability to ameliorate the effects of cerebral 
metastascs than has cortisone 
The effects on the carcinoma of large doses 
of corticoids ma) result in part from depres 
Sion of adrenocorticotropic hormone (ACTH) 
secretion by the hypophysis with a resultant 
diminution of adrenal cortical steroid hor 
mone production This so called medical 
adrenalectom) is much less cffecti\e than 
surgical removal of the adrenal glands 


ESTROGEN THERAPY FOR ADVANCED 
CARCINOMA OF THE BREAST IN MEN 


The administration of estrogen to men with 
breast carcinoma depresses the secretion of 
hjpophyseal gonadotropic hormone with a 
resultant decrease in androgen production by 
the testes and in a manner comparable to 
orchiectomj deprives the androgen sensitive 
carcinoma of its growth mfluencmg hormone 
Calcification of osteolytic foci and regression 
of soft tissue lesions have been induced in 
some men with advanced breast carcinoma by 
the administration of estrogen as the initial 
therapeutic procedure [62] A satisfactory 
treatment regimen is administration of diethyl 
stilbestrol orally 5 mg three times a day con 
tinued for as long as remission is maintained 
or for as long as the patient will tolerate the 
ormone Hypercalcemia electrolyte and fluid 
retention as well as painful gynecomastia can 
e consequences of estrogen therapy hyper 
calcemia and retention of electrolytes and 
uid are treated in the same manner as when 
ey occur m women after estrogen therapy 
urgical castration is a simple procedure in 
men and is the preferred initial therapeutic 
measure m men with advanced carcinoma of 
c breast When there is reactivation of 
^ancer after a period of remission induced by 
fc lectomy the use of estrogen may produce 
^^dilional remission period 


on hormonal 

MERAPY OF CARCINOMA OF THE BREAST 

sections individual measures 
* * treatment of advanced breast car 
^ were discussed The following arc 


some general observations on hormonal ther 
ap> 

Reactivation of disease during hormonal 
therapy of a carcinoma controlled initially by 
estrogen or androgen may be counteracted in 
some patients by withdrawal of hormonal 
therapy 

A correlation between response to hormonal 
therapy and histologic grade of malignancy 
has been suggested the lower grades being 
considered more responsive to treatment [88] 
At present this supposition has not been sub 
stantiated but further study of the possible 
relationship is indicated 

There appears to be some correlation be 
tween the state of nutrition of the patient and 
the response to hormonal therapy A com 
parative study by the writer of hospitalized 
and nonhospitalized breast carcinoma patients 
on the same regimen of either estrogen or 
androgen therapy demonstrated that a larger 
percentage of the nonhospitalized patients 
were improved by the treatment [63] The 
hospitalized patients for the most part had 
more advanced cancer were it a poorer state 
of nutrition and had a shorter life span after 
institution of therapy than did the nonhos 
piialized patients Since the late stages of the 
cancer are associated with severe inanition 
and with serious disturbances of protein and 
calcium metabolism the poor response to 
hormonal therapy of patients with advanced 
cancer may be due m part to these factors 
It may be that better results from hormonal 
therapy could be obtained by correcting as 
far as possible physiologic disturbances such 
as anemia vitamin deficiency hypoprotemc 
mia and electrolyte imbalance 

Many factors inherent in the cancer and m 
the host and the reactions of each upon the 
other influence the effects of hormonal thcr 
apy These effects are varied and subtle and 
probably introduce many changes of which 
we are at present unaware It is quite likely 
that no two carcinomas or their host react 
identically to apparently identical measures of 
hormonal alteration even though apparently 
similar results arc observed 

There is diversity of opinion concerning the 
advisability of prophylactic hormonal thcr 
apy [67 68 112 122] The beneficial effects 
of an altered hormonal state arc relatively 
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Innsitory, possibl) bcciusc there is subsc 
qiicnt cstiblishmcnl of a less hbilc state of 
hormonal equilibrium acl^pt^llon of the or 
ginism to the hormone so thtt fivorablc 
physiologic chnngcs are reversed or evolu 
tion of tumor cells resistant to the changed 
hormonal environment Some believe there 
fore that an altered hormonal substrate 
prematurely created may deprive the patient 
of a thcrcapcutic aid if and when the 
need should arise Contrariwise, it has been 


most advantageous procedure to use and tre 
optimal sequence of therapeutic measures 
must be determined for each patient 

The judicious use of roentgentherapy can 
obtain long periods of comfort for man) 
patients Radiation therapy should be used for 
iocahred cancer foci and when this agent is 
no longer pracficab’c because of wide dis* 
semination of cancer the use of hormonal 
measures should be considered 
At present there is no evidence that con 




HORMONAL THERAPY OF MAMMARY CARCINOMA JN MEN 
Orc/uectotry 
Esfrogea 


Cortisone 


Hypophysectomy 

fig 32 9 Schema of hormonal Ihoropy of corcinomo of the breott m 
women (upper) and men (lower) 

suggested that if the altered substrate creates 
an environment unfavorable for the growth of 
the cancer cells this may delay the appearance 
of recurrences and metastases until cancer 
cells resistant to the environment gam as 
cendanc) The value of prophylactic hormonal 
therapy has not as yet been established and 
further study of the effects of this procedure 
IS necessary 

There are vanous procedures for the treat 
ment of advanced breast carcinoma and gen 
eral rules for their use to obtain optimal re 
suits It IS essential to use these measures 
judici^sly and to individualize their apphea 
tion The proper time to imtiate therapy the 


current use of hormonal measures as or c 
ample androgen and estrogen therapy 
castration and androgen 1122] 
additive effect A stud) by the wnter ot 
results obtained by therapeutic castration a 
the concomitant administration of an ro^^ 
did not demonstrate an increase m t e p 
centage of patients benefited or pro . 
of the improved state bevond that 
the mdividual use of each proce ure 
Also there is no evidence at present ^ 
combined use of castration and adren , 

for women m menstrual life has pro 
improvement m a higher percentage o P 
tients or a longer duration of improv 
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than has been obtained by the use of castra 
tion alone 

Until there is evidence to the contrary it 
would seem that the various procedures for 
altering hormonal relationships should be em 
ployed individually, utilizing another measure 
when one is ineffective or no longer effective 
By this plan of therapy it may be possible to 
obtain longer periods of palliation The per 
centage of patients benefited and the duration 
of favorable response obtained from the use 
of the different hormonal measures do not 
vary greatly (progesterone and cortisone ex 
cepted) It would therefore seem logical in 
the present state of our knowledge to use the 
simpler procedures initially and in the event 
of failure or regression of improvement to 
consider the use of more involved procedures 
Figure 32 9 show-s a general plan for hor 
monal therapy of advanced mammary carci 
noma it should be altered to meet the require 
menu of the individual patient 

Hormonq! Theropy for Endometrial 
Carcinoma 

The incidence of uterine carcinoma is sec 
ond to carcinoma of the breast and us highest 
prevalence is in the postmenopausal years 
There is some evidence that estrogen stimula 
tion may be a factor in the etiology of this 
disease but there is a diversity of opinion 
on this point In w-omen w-ith estrogen 
secreting ovanan tumors the frequency of 
endometrial carcinoma is higher than for the 
f^emale population m general often there is a 
history of prolonged menstrual life m these 
patients with atypical bleeding and minimal 
menopausal symptoms suggestive of pro 
onged estrogen secretion The occurrence of 
endometrial carcinoma is unusual in castrate 
Women 

Since androgen can depress the growth and 
c secretory activity of endometrial epithc 
mm it was thought that this hormone could 
m ucc regression of cancer arising from this 
issue Regression of pulmonary metastasis 
"cr the administration of 3 300 mg of Ics 
^teronc propionate has been reported [39] 
^°wcNcr the results of this therapy 
ha'^ H ” ‘^'“PP°mting Progesterone therapy 
of m 3n occasional patient regression 

I tissue mclastascs however the effects 
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of this therapeutic agent also have been dis 
appointing 

Hormonal Therapy for Uterine 
Chorioepithelioma 

This neoplasm is often associated with an 
increased excretion of gonadotropins of 
chorionic origin to depress production of 
these substances large amounts of estrogen 
have been administered Diethylstilbestrol ad 
ministered to two women with disseminated 
chorioepithelioma induced temporary subjee 
tive improvement and regression of pulmonary 
metastases in one patient and regression of 
vaginal metastases in the other both died of 
the disease within a year of its recognition 
[77 88] Testosterone therapy has not been 
successful 

Hormonal Therapy for Cervix Uteri 
Carcinoma 

Testosterone propionate has been admin 
istered to a few patients with advanced car 
emoma of the cervix uteri [9] Relief of pain 
and a feeling of well being were obtained m 
some patients this may have been due to the 
general anabolic effect of the hormone rather 
than to a specific effect on the neoplasm No 
objective or histopathologic evidence of re 
gression was observed 

Some carcinomas of the cervix uteri ini 
tially resistant to roentgcnlhcrapy have been 
sensitized to irradiation by the administration 
of testosterone during the course of x ray 
therapy [7J 

Regression of carcinoma of the uterine 
cervix has been induced by intensive progts 
tcronc therapy 250 mg of progesterone in 
5 cc of oil intramuscularly administered daily 
for varying periods up to 170 days [65] There 
was considerable regression of the neoplasm 
and cessation of bleeding and vaginal dis 
charge in both early and advanced stages of 
the disease In a number of patients radical 
surgical procedures were performed after hor 
monal thcrapv however the hormonal pro 
cedure did not produce cure of the distasv 
since in specimens surgically removed and 
those examined postmortem there was cvi 
dcncc of carcinoma The possible future value 
of progesterone thcrapv for uterine cervix 
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caremonn is indicated bj the reported /a>or- 
ablc response, however, until further expert 
cnee validates this therapeutic measure, cs 
tablishcd initial procedures should be cmpl 0 )cd 
and the hormone reserved for reactivated 
disease 

Hormonal Therapy for Ovarian 
Carcinoma 

Regression of ovarnn carcinoma mctastascs 
subsequent to androgen therapy has been re 
ported [141] The writer administered testos 
teronc propionate in doses of 2 500 to 3,500 
mg to some patients with late cervical cancer 
and to others with advanced ovarian caret 
noma and obtained a transient favorable sub 
jective response, possibly owing to the anabolic 
effect of the hormone There was however 
no effect observed on the tumor growth or the 
course of the disease, similar results have been 
reported [9, 17] 

In an occasional patient estrogen therapy 
has induced regression of ascites pulmonary 
hepatic and lymph nodal mclastases 

The granulosa cell tumor secretes estrogen 
and the arrhenoblastoma secretes androgvn 
both are relatively uncommon neoplasms 
Treatment of advanced stages of these nco 
plasms with the counteracting steroid hor 
mone may be of some palliative value how 
ever this type of therapy has not as vet been 
reported 


Estrogenic hormone may possibly be of 
value in men with advanced thyroid cancer 

BENIGN NEOPLASMS 

Hormonal Therapy for Fibromyoma 
of the Uterus 

In most instances uterine fibromyomas re 
gross after the menopause or castration Fibro- 
myomas that produce symptoms are best 
treated by surgical removal or by hysterec 
tomy roentgen or radium castration should 
bt the procedure for patients considered poor 
surgical risks however curettage should first 
be performed lo establish the presence or 
absences of malignant neoplasm 
Androgen can restrain the growth and secre 
tory activity of cndomctrnl epithelium and 
can inhibit the development of the spiral 
arteries which control menstrual bleeding [28] 
Excessive functional bleeding or bleeding 
from fibromyomas often can be diminished 
or arrested by the administration of testos 
teronc and regression of fibromyomas may m 
some instances be obtained Favorable effects 
cm be obtained by the intramuscular ad 
ministration of testosterone propionate 25 
mg three times a week or by the oral 
administration of meihyltestosterone fO 
three or four times a day when bleeding is 
diminished or arrested the dosage may be de 
creased and ultimately therapy can be ur 
minated 


Hormonal Thoropy for Thyroid Coroinoma Hormonal Theropy for Endomotriomo 

In some primitive vertebrates the thyroid Endometrioma usually occurs m young 
gland IS part of the uterus [42] the two havt nulliparous women and may produce intense 

become separate organs in the process of dysmenorrhea and often menorrhagia 

evolution but the relation still exists as in tumor associated with endometriosis is con 

dicated by mcrease m size and activity of the sidered estrogen sensitive Histologically 

human thyroid gland during pregnancy and considered benign this neoplasm has some 

the tendency of the hypothyroid patient to be attributes of malignancy rapid growth m 

sterile or to abort It would seem therefore vasiveness and the capacity to metastasizv 

that gonadal hormone therapy for thyroid Endometrioma usually produces dense ad 

g an carcinoma is a logical procedure In hesions that may cause stricture of the sigmoid 

metastatic adenocarcinoma colon After castration surgical or radio 

ot tne thyroid gland there was suggestive evi logic [33] the tumor may regress however 

aence of calcification of osteolytic metastascs the fibrosis is uninfluenced by estrogen with 

ana symptomatic improvement after treat drawal and surgical intervention may he 

propionate [85] Fur necessary to relieve obstruction 
^ androgen therapy for women Favorable results have been obtained with 
wim this neoplasm js indicated indrogen therapy and this measure may be 
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useful for women who hope ultimately to 
become pregnant but need symptomatic re 
lief [66] Doses of 500 mg of testosterone 
propionate administered during the entire 
menstrual cycle or during the first two weeks 
of the cycle usually induce amenorrhea and 
amelioration of symptoms however masculin 
ration may result Alleviation of sjmptoms 
Without production of amenorrhea and mas 
culinization often may be obtained by smaller 
doses of the hormone 

A satisfactory treatment regimen is 25 mg 
of testosterone propionate administered mtra 
muscularly three times a week or oral ad 
ministration of methyltcstosterone 10 mg 
dail) during the first two weeks preceding the 
onset of menstruation Treatment should be 
intermittent regardless of the method cm 
plojed and used only long enough to control 
s)mp(oms treatment is remstituted when 
s)mptom8 recur 

Hormonal Theropy for Desmoid Tumors 
Desmoid tumors usually arise from the 
rectus sheath of the abdominal wall Usually 
benign this fibrous tumor may be invasive 
locally and may exert Us deleterious clTcct by 
progressive increase in size and pressure on 
occasion the tumor may undergo sarcomatous 
change CI06J Although apparently influenced 
b) estrogen it is not a tumor of the female 
generate c organs It occurs predominantly 
m women often after pregnancy but has been 
found on occasion m men Surgery is the 
therapeutic procedure of choice For patients 
" recurrent disease or those considered poor 
wrgical risks castration can be of benefit 
IS no reported experience with orchi 
fctomj (o the writer s knowledge, but the 
procedure would appear to be logical for 
ihc recurrent tumor in men 

Hofmonol Therapy for Fibroadenoma 
of the Breast 

5ufger} IS the procedure of choice in the 
fcjtmcnt of ihis tumor boweser excision is 
® easiblc m patients with extcnsisc painful 
ffiomatous disease throughout both breasts 
hTn r^f‘*^nts termination of the menses 
•^■adiation is indicated ccssntion 
function usualh induces rccrcsston 
® JuJenomatous masses and relief of pun 
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Hormonal Therapy for Nonneoptastic 
Breast Disease 

Fibrocystic disease of the breast (chronic 
cystic mastitis) is the most common abnor 
malitv of the breast found m women and is 
believed to be due to an estrogen progesterone 
imbalance that results m a relative or absolute 
excess of estrogen Clmicallv, a tender dif 
fusely or discretely thickened breast is ob 
served The common stigmas of carcinoma — 
skin dimpling nipple retraction and axillary 
adenopathy — can be observed m some pa 
tients Biopsy examination is essential for 
these patients 

Pam IS usually the chief indication for 
therapy Spontaneous regression of the lesions 
frequently occurs after pregnancy especially 
if the infant is nursed also after the mono 
pause Reassurance that the condition is not 
malignant may reduce awareness of pain m 
some patients For symptoms that persist the 
following hormonal procedures may be cm 
ployed progesterone administered orally 50 
to 100 mg daily for the last 5 days of the 
menstrual cycle gonadotropic hormone by 
injection 500 to 1 000 I U dailv from the 
15th to the 24ih day of the menstrual cycle 
or the oral administration of mcthyltcstos 
terone 10 to 30 mg daily for 10 das s Relief 
of pam frequently is obtained however the 
fibrocystic changes may not regress 

THE USE OF HORMONES AS SUESTITU- 
TION THERAPY IN WOMEN WITH 
NEOPLASMS OF THE SEX ORGANS 

Although the mechanism is yet to be deter 
mined It is believed by some that the hot 
flushes dizzy spells and emotional dis 
turbanccs associated with the menopause arc 
induced by diminished ovarian control of 
hypophyseal gonadotropic secretions (1151 
TTicsc manifestations often can be controlkd 
by estrogen therapy The use of cstrocen for 
symptoms of spontaneous or induced mono 
pause m patients who have had bicavt 
carcinoma or cancer of the female generative 
organs is generally contraindicated m these 
patients estrogen mav reactivate latent cancer 
since this hormone has been consid-rcd a 
factor in the growth of carcinoma of the 
breast and of the endometrium [21 40 I35J 
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Distressing menopausal symptoms m these 
patients often can be controlled with pheno 
barbital 0 25 to 0 5 gr 3 times a day, or 
small amounts of methyltcstosterone 10 to 30 
mg a day administered sublingually, the 
androgen is used intermittently for short pe 
nods of time to prevent possible virilization 
[U7] The patient is instructed to discontinue 
therapy during asymptomatic periods The 
combined use of the hormone and barbiturate 
frequently is more effective than the use of 
either drug alone Methyltcstosterone 10 to 
30 mg administered daily, often can control 
menopausal menorrhagia In some patients 
curettage may be indicated to eliminate the 
possibility of endometrial carcinoma 

HORMONAL THERAPY FOR ADVANCED 
PROSTATIC CARCINOMA 

Only 10 per cent of prostatic carcinoma is 
detected early enough to be treated by pros 
t4tectomy Pallative therapy therefore is of 
great importance m the management of this 
disease Indications for castration and for 
estrogen therapy are similar in the patient with 
cancer of the prostate in contradistinction to 
the various indications for their use in the 
patient with breast carcinoma Orchiectomy 
and estrogen thempy therefore will be con 
sidered together 

Orchiectomy and Estrogen Therapy 

The prophylactic use of hormonal therapy 
at time of or immediately after prostatectomy 
has been advocated by some immediate 
orchiectomy immediate institution of estro- 
gen or a combination of both procedures is 
employed 

Therapeutic hormonal measures for in 
operable and metastatic carcinoma have been 
estabbshed however opinions vary with re 
gard to timing and sequence of the procedures 
Some suggest immediate orchiectomy or estro 
gen administration or a combination of both 
as soon as the diagnosis is established whether 
or not the patient is asymptomatic others 
advocate withholding all therapy until svmn 
toms occur from either the primary neo 
plasm or metastatic cancer The reason for 
the latter therapeutic plan are many patients 
have prolonged periods of freedom from 
symptoms despite extensive cancer the bene 


fits of hormonal alteration are transient and 
premature change m hormonal equilibrium 
may deprive the patient of the benefits of this 
measure when symptoms appear 

Of those who advocate treatment only when 
symptoms appear some prefer orchiectomy as 
the initial procedure, others prefer the initial 
Use of estrogen The advocates of initial estro- 
gen therapy believe this is a more physiologic 
measure than orchiectomy smee the presence 
of the testes by controlling adrenocorticotropic 
hormonal production prevents an excess of 
androgen secretion by the adrenal cortex they 
believe the initial use of castration is indicated 
only when the seventy of the symptoms neces 
siiatcs immediate palliation 
A satisfactory regimen of estrogen therapy 
M the ora! administration of dielhylstilbestro) 

5 to 15 mg daily in divided doses the hor 
mone is administered for as long as improve 
ment is maintained or the drug can be tol 
crated The administration of estrogen for re 
activated cancer after remission induced by 
orchiectomy seldom is effective, however for 
reactivated disease after remission induced by 
estrogen orchiectomy may be effective 
Tbe advocates of orchiectomy as the initial 
procedure believe that estrogen incompletely 
inhibits androgen production that estrogen 
must be administered for prolonged periods 
and that estrogen may be poorly tolerated 
Castration always should be surgical 

FAVORABLE EFFECTS OF ORCHIECTOMY 
AND ESTROGEN THERAPY 

The favorable responses after castration or 
after estrogen therapy are similar however 
the relief of symptoms is more rapid after 
castration Some patients experience relief of 
pain within 24 hours after the operation usu 
ally relief of pain after estrogen therapy is 
obtained one or two weeks after treatment is 
instituted The favorable effects which often 
are striking are obtained m about 75 per cent 
of the patients A gam m weight and sense 
of well being are the more immediate effects 
In about 50 per cent of the patients cessation 
of hematuria regression of soft tissue metas 
lases and diminution m size of the primary 
carcinoma are obtamed the primary neo 
plasm frequently regresses sufficienUy to aJ 
leviate obstruction to urinary flow from m 
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bladder Roentgenologic evidence of osteolytic 
disease regression may subsequently be ob 
served and normal bone trabeculation may 
appear 

After orchiectomy there may be a decreased 
excretion of urinary 17 ketosteroids m some 
patients hos^ever the decrease may be slight 
or there may be none at all [120] Since some 
patients with little or no decrease m urinary 
17 ketosteroids subsequent to orchiectomy ob 
tain favorable effects from castration it has 
been suggested that some testicular biolog 
ically active nonandrogenic substances that are 
not excreted as 17 ketosteroids may be im 
portant factors in influencing carcinoma of 
the prostate [103] 

The serum acid phosphatase which usually 
becomes elevated after the cancer breaks 
through the prostatic capsule may return to 
normal limits wilhm twenty four to forty 
eight hours after orchiectomy Serum acid 
phosphatase activity is not depressed by cas 
tration m about 20 per cent of patients and 
these patients do not respond favorably to 
the procedure After estrogen therapy there 
may be a gradual drop in serum acid phos 
phatasc levels Subsequent to either procedure 
there may be a rise in the serum alkaline phos 
phatase levels indicating osteogenic activity 
and normal appearing bone trabeculations may 
be found m foci of osteoblastic metastases 
[49] 

In some instances an inoperable carcinoma 
may become operable [18 48] this is con 
sidered by some to be the most important 
effect of hormonal alteration therapy The 
optimal time for surgery is when maximal re 
gression of the primary carcinoma apparently 
has been reached No patient should be op 
crated on if the primary cancer has not dimm 
ishcd sufRcienilj to make the procedure feasi 
bit if there is evidence of distant metastasis 
or if the general condition of the patient is 
unsatisfactory 

Life expectancy appears to be increased by 
these hormonal measures and it has been sug 
gesled that an occasional patient has been 
cured Study of a large group of patients with 
metastatic cancer demonstrated that 35 3 per 
cent survived three years after orchiectomy 
and 21 6 per cent survived five years [104J 
From this study it also was concluded that 
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the most effective five year control of the can 
cer in patients free from metastases could be 
obtained by the combined use of orchiectomy 
and diethylstilbcstrol that the combined pro 
cedure was not more effective than orchiec 
lomy alone after the appearance of metastatic 
cancer Another study of a large group of 
patients did not substantiate these conclusions 
[1161 

In general the duration of improvement in 
patients responsive to either orchiectomv or 
estrogen administration vanes from several 
months to several years in most patients 
there is reactivation of cancer within three 
years 

OTHER EFFECTS OF ORCHIECTOMY 
AND ESTROGEN THERAPY 

There may be distressing and uncomfort 
able effects after orchiectomy — flushes palpi 
tation nervous instability, however relief 
of pain when it occurs is so gratifying that 
almost all patients willingly endure these dis 
comforts In an occasional patient gyneco 
mastia a frequent effect of estrogen therapy 
may necessitate termination of treatment be 
cause of pam Electrolyte retention with re 
sultant edema may occur on occasion after 
estrogen therapy and in rare instances liver 
damage associated with jaundice Hypercal 
cemia has not been reported probably because 
osseous metastases of prostatic carcinoma in 
contradistinction to those of breast carcinoma 
are predominantly osteoblastic 

Carcinoma of the breast has been reported 
m some patients after estrogen therapy how 
ever the histologic appearance of these tumors 
and the presence of acid phosphatase in the 
cells would seem to indicate that they are 
prostatic carcinoma metastases [13] In an 
occasional patient the histopathology of the 
breast carcinoma has been reported to be 
primary [46] 

Androgen Therapy 

The use of androgen has been advocated for 
the treatment of advanced carcinoma of the 
prostate The reason for its use is that the 
ultimate depression by androgen of h\po 
physeal gonadotropic hormone secretion 
could effect a decrease m endogenous andro 
gen production even though initially the hor 
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mone may stimuhte the disease Improvcrntni 
in a few patients treated \Mth this hormone 
has been reported, however, the usefulness 
and safety of this therapeutic measure have 
not as yet, been evalinted 

Pro 0 esferone Therapy 

It IS believed that the interstitial cell stim 
iilafing hormone (ICSH) influences androgen 
secretion by the testis and the adrenal cortex 
that progesterone suppresses hypophystal sc 
cretion of ICSH, and that the administration 
of progesterone could induce depression of 
testicular and adrenal cortical secretion of 
androgen and produce the desired ctTcct on 
prostatic carcinoma 

Despite objections to this theory of pro 
gesterone activity the hormone has induced 
regression of disease and symptomatic im 
provement in some patients with untreated 
prostatic carcinoma and some with reactivated 
disease subsequent to castration or estrogen 
induced remission [48 133] 

Cortisone Therapy 

Amelioration of symptoms and regression 
of disease have been induced m some patients 
by the administration of cortisone The bene 
fits obtained are similar to those observed in 
patients improved by adrenalectomy These 
fivorable responses are believed to be due to 
depression of adrenocorticotropic hormone 
production by the hypophysis 

Dosage of Hormones 

Dosage of androgen progesterone and cor 
tisone IS similar to that employed m the treat 
ment of carcinoma of the breast m women 
(guod vide) 

Bilateral Adrenalectomy [54, 71, 73 138] 

Since the gonads and adrenals are consid 
ered the principal sources of androgenic sub 
stances reactivation of prostatic carcinoma 
subsequent to remission induced by gonadec 
tomy IS believed to be the effect of adrenal 
cortical ictivity An increase m 17 ketosteroid 
urinary excretion that had decreased subse 
quent to gonadectomy is considered evidence 
of adrenal cortical activity and enlarged adre 
nal glands have been found in some patients 
subsequent to orchiectomy Bilateral adrenal 


cctomy therefore was tried as a therapeutic 
measure for reactivated prostatic carcinoma 
An additional period of remission was ob 
tamed after adrcnalcctomv in some patients 
With disease that reactivated after i period of 
orchiectomy induced remission 

Symptomatic improvement especially relief 
of pain has been obtained also regression of 
soft tissue and osseous metastases Decrease in 
scrum acid phosphatase levels and m 17 keto- 
steroid urinary excretion was observed jn pa 
tients responsive to adrcnalcctomv The per 
centage of patients benefited and the degree of 
improvement obtained do not approach those 
obtained by adrenalectomy in patients with 
carcinoma of the breast The preoperative and 
postoperative management of these patients is 
similar to that of patients adrenalcctomized 
for breast carcinoma 

Irradiation of the Hypophysis 
Symptomatic improvement has been ob 
tamed by irradiating the hypophysis of some 
patients whose symptoms recurred after an 
initial remission obtained bv orchiectomv [50 
96] It is possible that this measure reduced 
or suppressed adrenocorticotropic secretion 
The beneficial effects however were of short 
duration 

Hypophysectomy 

Subjective and objective favorable responses 
have been obtained by hypophysectomy m an 
occasional patient Indications for the proce 
dure are similar to those for hypophysectomy 
for advanced breast carcinoma TTie percent 
age of patients improved however is far less 
than that obtained m advanced breast car 
cinoma patients 

HORMONAL THERAPY FOR ADVANCED 
URINARY BLADDER CARCINOMA 

The frequenev of this disease after the age. 
of fiftv IS greater m men than m women Since 
the bladder and the prostate are of simile 
embrvonic origin the benefits effected y 
tstrogen therapy m prostatic carcinoma pa 
tients suggested the use of estrogen m patients 
with bladder carcinoma A few men with ad 
vanced cancer treated with estrogen obtained 
transient relief of pam reduction of unna^ 
frequency, and of hematuria In some patients 
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there was cystoscopic evidence of tumor re 
gression [50 51 86] An apparently primary 
carcinoma of the breast has been reported in 
one man subsequent to this therapy [93] The 
dosage of estrogen is similar to that employed 
for carcinoma of the prostate 
Orchiectomy has resulted in relief of pain 
increase in appetite and strength decrease in 
hematuria and in urinary frequency and rc 
gression of bladder carcinoma in a few pa 
tients [121] 

No patients ha\e been cured b) these pro 
cedures however one patient lived in relative 
comfort for three jears despite recurrence of 
the tumor that previously had regressed subsc 
quent to castration 

HORMONAL THERAPY FOR 
TESTICULAR NEOPLASMS 
Metastatic cancer that occurs after removal 
of a testicular neoplasm mav be controlled 
temporarily m an occasional patient by te 
moval of the remaining testicle In two rc 
ported cases one of which was a semmo 
blastoma pulmonary mctastascs regressed 
after removal of the second testicle however 
the duration of improvement after orchiec 
tomy was only a few months m both cases 
192] 

GYNECOMASTIA 

These enlarged breasts m men are often 
similar m configuration to a woman s breast 
An enlargement of the breast with milky sc 
cretion — so called wuch s milk — \s occasion 
ally observed in the newborn of either sex and 
is believed to be produced by prolactin from 
the maternal circulation The condition sub 
sides spontaneously within a week after birth 
and requires no treatment 
With the exception of the condition dc 
scribed gyynecomastia occurs most frequemW 
at puberty It can however be found in men 
of any age The breast enlargement varies 
from a small subareolar nodule to that of fe 
male configuration The gynecomastia of 
puberty usually disappears spontaneously 
after the age of 16 or 17 years however 
when the condition appears m Jaler life it 
usually docs not regress There may bi. bi 
lateral breast enlargement but most fre 
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quently the enlargement is unilateral or more 
promment m one breast 

The gynecomastia of adolescence is believed 
to be the result of the androgen estrogen im 
balance of pubescence In the adult the hor 
monal disturbance resulting in gynecomastia 
may be due to nutritional disturbances or to 
changes elsewhere in the body such as cir 
rhosis of the liver testicular or hypophyseal 
neoplasms feminizing adrenal tumors or 
treatment with or exposure to certain hor 
mones such as estrogenic or androgenic sub 
stances gonadotropins and adrenal cortical 
hormones The etiologic factor for the most 
part cannot be determined 

Many patients are asymptomatic others 
complain of tenderness of the breast Often 
the chief concern of the patient is embarrass 
ment due to the appearance of the large 
breast or breasts It is important that the con 
diiion be differentiated from carcinoma in 
the older men This is relatively simple since 
m gynecomastia the mass is generally soft and 
the stigmas of carcinoma such as nipple re 
traction and skin attachment usually are ab 
sent 

The treatment of choice is elimination of 
the cause whenever ascertainable Improved 
nutrition high protein diet administration of 
powdered liver and Vitamin B complex are 
(bought to aid m the inactivation of estrogen 
by the liver and may be of value in some cases 
Hormonal therapy has not been found of 
value and the administration of testosterone 
may aggravate the existing condition by in 
duemg proliferation of the mammary duct 
system Excision of the hyperplastic breast 
tissue IS indicated for cosmetic and psycho 
logic effects m some patients 

THE USE OF HORMONES AS SUB5TITU 
TION THERAPY IN MEN WITH NEO 
PLASMS OF THE SEX ORGANS 

THE MALE CLIMACTERIC 

Orchiectomy like ovariectomy in women 
may induce symptoms of emotional and vaso 
motor instability flushes palpitation weak 
ness imtibiUty and depression These symp 
toms can be controlled by the parenteral ad 
ministration of small amounts of testosterone 
propionate [137] However since orchiectomy 
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IS performed for carcmomi of the p^osl^tc 
and of the breast on the theory that these neo 
plasms are androgen sensitive and androgen 
stimulated this hormone should not be used 
m these patients The judicious use of bar 
biturates or estrogen alone or m comhim 
tion often can ameliorate the symptoms of 
these patients 

ADRENOCORTICOTROPIC AND 
ADRENAL CORTICAL HORMONE 
THERAPY 

Malignant Diseose of the Lymphatic 
System 

Adrenocorticotropic hormone (ACTH) and 
adrenal cortical steroid therapy have ben 
efited some patients with malignant disease of 
the lymphatic system The use of these sub 
stances for patients with other lymphomaious 
diseases — Hodgkin s disease lymphosarcoma 
or mycosis fungoides — has benefited relatively 
few of these patients There are no pretreat 
ment criteria at present for determining 
which individuals will respond The most fa 
vorable response has been obtained m chil 
dren with acute lymphatic leukemia m about 
50 to 60 per cent of these children regression 
of disease and a sense of well being have been 
obtained 

FAVORABLE EFFECTS 

A few davs after institution of ACTH or 
cortisone therapy for chddren with acute leu 
kemia there mav be a rapid fall in the number 
of leukocytes in the peripheral circulation a 
rise m the number of erythrocytes platelets 
and reticu’ocytes with cessation of bleeding 
from the mucous membranes a return of the 
sternal marrow cytology to normal appear 
ance [35] and a concomitant sense of well 
being The period of remission is short how 
e\er varying from several weeks to several 
months 

Patients with acute leukemia whose disease 
becomes refractory to cortisone or ACTH 
may respond favorably to the fohe acid antag 
onists — and vice versa This suggests that cor 
tisone and the antifolic acid substances have 
different primary methods of action on the 
leukemic process [90] ACTH or cortisone 
therapy benefits an occasional adult patient 


with acute or chronic lymphatic leukemia 
There is some evidence that ACTH therapy 
miy accelerate the disease process in other 
acute leukemias such as the granulocytic and 
monocytic types 

Objective evidence of improvement may be 
decrease m size of lymph nodes liver and 
spleen, subjective evidence of improvement 
may be increase m appetite and sense of well 
being In Hodgkin s disease there may be re 
mission of pyrexia and subsidence of pruritus 
The acquired hemolytic anemia which at times 
nccompanies the leukemias and lymphomas 
may be corrected in some patients by ACTH 
or cortisone therapy (23] 

Multiple Myeloma 

Patients with multiple myeloma who benefit 
from ACTH or cortisone therapy experience 
diminution of pain and increase in appetite 
improvement may be observed within seven 
to fourteen days after treatment is instituted 
There may be a decrease m the amount of 
p asma protein and globulin and a reduction 
111 the number of the bone marrow plasma 
cells a decrease m the percentage of marrow 
plasmablasts and an increase in the erythro 
cyles and hemoglobin m the circulating blood 
a decrease in the sedimentation rate and a 
diminution in excretion of Bence Jones pro 
terns Hypercalcemia may be corrected and 
there may be a rise in serum alkaline phos 
phatase aciivity Roentgen evidence of osteo 
blasiic change in the areas of osteolysis may 
subsequently be observed Remission may be 
maintained for many months [131] Favorable 
response apparently is obtained more often in 
patients with disease characterized by pro 
piasmabldsts and plasmablasts than m patients 
with mature myeloma cells \Vhen a favorable 
response can no longer be obtained by corti 
sone urethane may give an additional period 
of remission 

Miscellaneous Connective Tissue 
Neoplasms 

These hormones depress fibroblastic pro 
hferation therefore their effects on neoplasms 
of connective tissue origin were studied There 
were no effects observed on fibrosarcoma and 
neurofibrosarcoma The hormones were also 
ineffectudl on various other neoplasms such 
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as rhabdomyosarcoma synovioma and neuro 
Hastoma 1351 

Adrenocorticotropic hormone because of 
its antifibromatogenic properitics has been 
used after excision of ke oids to prevent their 
recurrence and m some instances of recurrent 
desmoid tumors There is some evidence that 
keloid production is diminished or prevented 
[20] however no effect has been observed on 
desmoid tumors [2] Injudicious use of the 
hormone may impede the process of healing 

Dosage and Duration of Treatment With 
Adrenocorticotropic and Acfrenal Corficot 
Steroid Hormones 

In adults ACTH is administered intra 
muscu’arl) daily 100 to 200 mg in divided 
amounts in children approximately one half 
of the dosage is administered Cortisone m 
adults is administered orally or mtramuscu 
larly as the acetate 100 to 200 mg daily m 
divided doses m children approximately one 
half of the dosage is used One therapy ap 
pears as effective as the other however corli 
sone has the advantage of oral administration 
Newer corticoids such as prednisone and 
prednisolone 100 mg daily administered 
orally or intramuscularly have produced fa 
vorable results m adults and appear to have 
less undesirable effects than cortisone Pred 
ntsone m doses of 1 000 mg daily is reported 
to have produced favorable response m adults 
With acute leukemia There was rapid dis 
appearance of adenopathy and pleural cHu 
Sion 

Treatment with ACTH or the corticoids 
should be continued with diminished amounts 
of the hormones until the disease reactivates 
on occasion an additional period of remission 
may be obtained by increasing the dosage 

Unfavorable Effects of ACTH and 
Corticoids 

The possible deleterious effects of these 
hormones must be watched for and corrected 


539 

whenever possible, if these cannot be counter 
acted therapy must be terminated Sodium 
retention and edema such as observed after 
sex hormon" thenpy frequently is found 
after ACTH md orlisone medi ation There 
may be hypopotassemta characterized by 
weakness and lethargy hypochloremta may 
occur and diabetes may result from dimm 
jshed glucose to'erance There may be hyper 
tension increased susceplibilit) to pyogenic 
infections wasting of muscles mental dis 
turbance interference with wound healing 
and virilism may occur Peptic ulcers may 
b'ced or perforate as a result of this treatment 
Patients with severe hypertension or with con 
siderable emotional instability should not re 
ceive this type of therapy There is some evi 
dcnce that these undesirable effects are less 
m degree with the newer corticoids pred 
nisone and prednisolone 
From this survey of hormonal therapy it is 
apparent that much can be offered the pa 
tienl with advanced neoplastic disease — in 
palliation if not in cure palliation not only 
in terms of transient relief of pain but in 
temporary control of disease and a possible 
increase m survival period 
The skill and judgment necessary for good 
diagnosis good surgery and good irradiation 
m the treatment of neoplasia m its less ad 
vanced stages is just as necessary for the 
choice and application of hormonal proce 
dutes for neoplasia in its more advanced 
stages Although there are general rules for 
hormonal therapy the best results can be ob 
tamed only by adapting these measures to 
the needs and responses of the individual pa 
tient The primary aim is to benefit the pa 
tient and for each patient with advanced can 
cer It IS necessary to decide whether the ex 
tent of the benefits that can be expected are 
commensurate with the extent of the con 
templated therapeutic procedure 
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In the early recording of medical htstorj, 
the problem of cancer did not receive great 
emphasis The relative brevity of the life span 
the difficulties of diagnosing internal diseases, 
and the paucity of postmortem examinations 
are certainly among the factors that account 
for the apparent difference in frequency of 
neoplastic disease m the early centuries of 
civilized man s existence and contemporary 
man In the Egyptian Papyri however refer 
ence was made to ulcerating tumors of the 
skin and their treatment by local application 
of medicinal concoctions was recommended 
This early type of cancer chemotherapy has 
lU counterpart today and now as then is an 
unsatisfactory method of treatment The ob 
jective of tumor chemotherapy is not the cure 
of localized disease but rather the destnic 
non of disseminated neoplastic cells by a sys 
temically administered drug 
As cancer and its recognition became more 
frequent and the clinical problem of wide 
spread disease more pressing many ill fated 
attempts at drug therapy were made The 
development of curative surgical procedures 
and the introduction of x ray as a cancencidal 
V eapon led to the well deserved abandonment 
of medicinal treatment of cancer at the begm 
nmg of this century Experience obtained m 
the past fifty years however has clearly dem 
onstrated that the therapeutic problem of dis 
seminated cancer continues to be a major 
medical challenge in spite of the impressive 
strides made by surgery and radiotherapy 
The contemporary look of cancer chemo 
therapy bears little resemblance to its histone 
ancestors Throughout the world laboratory 
investigations assiduously search for poten 
tially valuable antitumor drugs Compounds 


that have been found to inhibit neoplasms in 
experimental animals are characterized toxico 
logically and pharmacologically before sub 
mission for clinical trial Critical evaluation of 
candidate compounds against human tumors 
IS carried out m small pilot studies and if pre 
liminary results are encouraging independent 
investigation in other clinics precedes the dis 
inbution of the compound for general medical 
usage In spite of the fact that a specific drug 
has not yet been discovered that cures any 
type of human cancer chemotherapeutic 
agents are of value m the management of cer 
tain malignant neoplasms In the present chap 
ter brief descriptions will be given of the 
various drugs in current clinical use and this 
will be folIo^^ed bv comments on their clinical 
application including their indications and 
limitations In other chapters many of these 
drugs will be discussed in greater detail both 
in terms of their pharmacology as well as 
tbeir clinical application 

drugs used in clinical cancer 

CHEMOTHERAPY 
Alkylating Agents 

The alkylating agents derive their name 
from the fact that their biologic activity 
depends upon a chemical reaction that is 
known as alkylation 19] The first alkylating 
drug to receive extensive clinical trial m can 
cer chemotherapy was nitrogen mustard an 
many of the compounds m this group are 
chemically related to it The alkylating re 
action of nitrogen mustard with an ammo act 
IS shown in Figure 33 I In this senes o re 
actions it can be seen that the first step is t e 
transformation of nitrogen mustard to a cyclic 
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cthylcnimonium cation This is the chemically 
reactive form of the drug and it has been dem 
onstnted that nitrogen mustard reacts briskly 
With a variety of chemical groupings with bio 
logic significance In the second step de 
picted in Figure 33 1 the cthylcnimonium 
cation reacts with the ammo group of the 
ammo acid After this has occurred the sec 
ond side chain of the nitrogen mustard can 
undergo cycli^ntion as did the first and an 
other molecule of ammo acid be alkylated 
Figure 33 2 presents those alkylating agents 
that are currently being used widely in clinical 
cancer chemotherapy As can be seen all of 
them are related to nitrogen mustard cither 
through modification of the radical aitachcd 
to the nitrogen or through congeners related 
to the cthylenimonium derivative The excep 
tion IS Mylcran a dimcsyl compound which 
is also active as an alkylating agent 
It has been determined that the mechanism 
of action of the alkylating agents is a direct 
chemical reaction with formed nucleic acids 
thereby altering the function of these essential 
cellular components 128] Although these 
compounds have a greater cvtotoxic effect on 
certain neoplastic cells than on normal celts 
they all share the major toxic reaction of de 
pression of bone marrow function Owing to 
differences in route of absorption and to 
quantitative variation in toxicity the several 
alkylating agents have greater usefulness in 
some neoplastic diseases than in others These 
will be mentioned in the section on clinical 
application 


tivcly interfere with the synthesis of nucleic 
acid by the cell arc related chemically to one 
of the normal components of nucleic acid, 
namely the purines [12] Although many 
punne analogs have been synthesized the 
one compound that has demonstrated its use 
fulness in the treatment of human neoplastic 
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disease is 6 mercaplopurme or Purmethol 
This compound is shown in Figure 33*4 and 
Its relationship to adenine a normal constit 
uent of nucleic acid is apparent 'Ihe anti 
tumor compound dilTers only in the substitu 
lion of an SH group for the ammo group in 
the 6 position 
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The Anfimetabolites 

Extensive studies on the mechanism of 
action of nitrogen mustard focused attention 
on the nuc’eic acids as important targets for 
antitumor dru^s This concept received sig 
nificdnt impetus following the introduction of 
the folic acid antagonists when jt was shown 
that these compounds interfered with the bio 
synthesis of the nucleic acids [26] The folic 
acid analogs or antagonists are closely re 
lated chemically to folic acid as can be seen 
in Figure 33 3 which depicts folic acid and 
the analog most commonly used in clinical 
cancer chemotherapy methotrexate or Ame 
thoptenn 

Another group of compounds that effec 
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Fig 33-4 The purine onolog 6 mercaplopurme wh ch 
Is used in clinieot coneer chemoiheropy Note ifs close 
relationehip to adenine a normolly occurring con 
stifuent of nucleic aerd 

The dntimetabolites have given strong en 
couragement to the hope that a rational devel 
opment of useful antitumor drugs can be 
achieved Although these two types of com 
pounds have limited usefulness because o 
their toxicity to hematopoiesis they havL 
made very important contributions to norma 
cellular biochemistry through their use as 
tools for the clarification of fundamental 
cellular en/ymatic reactions 



PnDCiplcs of Clinical Cancer Chemotherapy 
Hormones 

The great tumor biologists Leo Loeb and 
A Lacassagne demonstrated the importance 
of hormones in tumor genesis and also in the 
modification of the natural historj of eTperi 
mental neop’asms In 1940 Huggins made 
history through his recognition of the fact that 
prostatic carcinoma in man is a hormone 
dependent tumor which can be significantly 
inhibited by depri\ mg it of androgen throu 2 ,h 
castration and the administration of estrogen 
The evidence for hormone dependence of 
carcinoma of the female breast is more lenu 
ous and the results of modification of this de 
pendence by castration the administration of 
androgens or of estrogens are less regular 
and satisfactory than in the case of prostatic 
cancer 

Both androgens and estrogens have impor 
tant general rnetabohe actions m addition to 
thcK mote specific effects on the sexual organs 
and secondary sex characteristics These m 
sum account m large part for the therapeutic 
and toxic manifestations that are seen elm 
ically Both the male and female sex hormones 
stimulate protein anabolism which is asso 
ciated with an increase m appetite gam m 
weight and subjective improvement This ef 
feet of the hormones (usually more pro- 
nounced with the androgens than the estro- 
gens) may be operative m a patient even 
when there is no inhibition of tumor growih 
Stimulation of osteoid formation is another 
action common to the androgens and estro- 
gens This may also be an important non 
specific effect of the hormones m cancer thcr 
apy Estrogens stimulate squamous epithelium 
proliferation which must be helpful in the 
epithelization of ulcerating breast tumor le 
sions (S-e Chap 32 also Vol IV Chap 9 ) 
Many attempts have been made to modify 
the steroid structures with the objective of re 
taming antitumor action while diminishing the 
effects on he sex organs Among the suhsti 
lutes for testosterone propionate that hav e been 
studied cxtcnsivelv mav be mentioned methv) 
androstcnediol (Stcnedio!) and dihvdrotestos 
(crone (Stanolone) Mcncdiol is less andro- 
genic and also less effective therapeuticalW 
Stanolone is not significantlv less androgenic 
and the therapeutic results are equivalent to 
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those of testosterone propionate Among the 
estrogens stilbestrol continues to be the agent 
of choice It IS mexp“nsive active by mouth 
and potent No advantages have been demon 
strated for the natural female sex hormones 
and the less estrogenic TACE (chlorotn 
anisene) is therapeutically inactive 

The introduction of adrenal cortical steroid 
therapv for arthritis collagen diseases and 
as anti inflammatory agents was followed by 
the exploration of the value of these potent 
hormones in neoplastic disease With time the 
indications and limitations of cortisone ther 
apy have been defined and at the present time 
the uses of this steroid together with its newer 
congener prednisone or Meticorten are 
clearlv delineated 

Urethane 

Brief mention must be made of urethane a 
simple mo’ecule that has been exlenswelv 
studied because of its antitumor effects in cer 
tain neoplastic diseases of man Ethylcar 
bamate or urethane has thus far defied at 
tempts to determine its mechanism of action 
Because of its resemblance to the ammo acids 
It has been thought to be an antimetabolite 
evidence for this reasonable hypothesis how 
ever, has not been convincing Suffice it to say 
that this drug has limited but definite indica 
tions in the treatment of certain tumors Be 
cause of its relatively weak carcmostatic 
actions urethane will be replaced as soon as 
more effective agents become available In sue 
ceedmg sections mention will be made of its 
clinical application m the treatment of chronic 
leukemias and multiple myeloma 

CUNICAL APPLICATION OF DRUGS 
IN CANCER THERAPY 

The administration of antitumor drucs in 
certain neoplastic diseases has contributed sig 
nificantlv to the over all medical care of the 
patient Careful and critical observations have 
di.monstratcd conclusively that objective -c 
grcssion of certain tumors can be achieved 
with the use of appropriate chemical agents 
In spile of the fact that in certain diseases it 
IS possible to eradicate all clinical evidence of 
the neoplastic disease recurrence of tumor is 
inevitable and at the present time there is no 
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drug available that can cure any neoplasm 
This fact provides the basis for the first fun 
damental principle of cancer chemotherapy, 
namely that drugs are not indicated when the 
tumor apparently is localized to a single rc 
gion Under these circumstances curative 
therapy by surgery or radiation must be of 
fered to the patient 

The drugs that have been described m the 
preceding section have definite indications 
contraindications limitations and decided 
toxicity The application of drugs to cancer 
therapy provides a useful adjunct to the phy 


schematically depicts the natural history of 
the malignant lymphomas from the time of 
their clinically recognizable inception m a 
single focus, usually a lymph node to their 
extension to multiple nodes through the stage 
of widespread dissemination with consUla 
lional manifestations such as anemia, fever, 
and pruritus to the terminal phase marked by 
cachexia and bone marrow exhaustion In the 
diagram the lime scale has no units for in 
part the progression from the inception to 
the final stages of the disease is determined 
by the biologic chanctcristics of the tumor 
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sician which can benefit his patient a great 
deal It also requires an understanding of the 
natural history of the disease being treated 
and a knowledge of the clinical pharmacology 
and toxicity of the drugs to be used In the 
succeeding paragraphs the indications for the 
use of drugs m the treatment of a variety of 
malignant tumors will be presented m broad 
outlme Greater detail covering clinical as 
pects of the diseases as well as their treatment 
will be found m appropriate chapters 

The lymphomas 

Hodgkin s disease and the lymphosarcomas 
are included in the malignant lymphomas A1 
though these diseases have many features that 
clearly separate them into distinct categories 
they also have many characteristics jn tfaeir 
natural history that are common Figure 33 5 


and, in part the time scale is influenced by 
the medical care given to the patient 

From the introduction of this medical sec 
lion it Will be recalled that chemotherapy is 
not indicated when the disease is localized 
This IS true in the case of the lymphomas as 
it IS in all malignant tumors Evidence re 
cently been accumulated to demonstrate tha 
vigorous therapy by radiation of malignant 
Ivmphomas which are clinically localized pro- 
vides the patient with far better prognosis for 
5 and 10 Years than when the disease is not 
recogoued or not treated until there is clinical 
evidence of extension [7] When the malignan 
lymphomas have become recognizably njs 
semmated consideration can be given to t e 
me of chemotherapeutic agents 

Nitrogen mustard and manv of its deriva 
lives have been found to be particularly valu 
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able in the treatment of Hodgkin s disease at 
the stage where constitutional manifestations 
such as fever pruritus profound anorexia and 
asthenia are prominent Under such circum 
stances intravenous nitrogen mustard can be 
expected to produce remission of sjmptoms 
with evidence of tumor regression m 80 per 
cent of patients who have not been previously 
treated by chemotherapeutic agents There is 
tremendous variation in the duration of the 
remission which may be from 2 weeks to 6 
months a median remission interval of 2 to 3 
months is a reasonable estimate It must be 
recognized that nitrogen mustard has a small 
therapeutic index and hematopoietic depres 
Sion occurs almost invariably with every 
course of the drug Because of this retreat 
ment should be spaced at intervals of two 
months minimum unless there are compelling 
reasons to disregard the hazard of additive 
toxicity to the bone marrow Frequently pa 
ticnts with Hodgkins disease have conslitu 
tional manifestations that are less acute than 
those mentioned above Under these circum 
stances chemotherapy may be undertaken on 
an ambulatory basis and the drugs of choice 
are tnethylene melamine [16] or chlorambucil 
[5] The same proscriptions on retreaiment 
with these drugs apply as with the intravenous 
nitrogen mustard A quantitative evaluation of 
the effect of nitrogen mustard and its denva 
lives on the natural history of Hodgkin s dis 
ease has failed to demonstrate that these drugs 
have \ed to a prolongation oi life [61 Evidence 
was accumulated however which showed that 
the use of chemotherapeutic agents decreased 
the frequency with which radiotherapy was re 
quired and maintained the patient in an 
asymptomatic state for longer periods than 
had been achieved before 

Nitrogen mustard and its congeners arc also 
indicated m the therapy of the lymphosar 
comas The histologic classification of the 
lymphosarcomas has important clinical impli 
cations since the natural history of the several 
types varies [7] The giant follicular lympho 
sarcoma is a relatively benign tumor and when 
It has become evidently disseminated ebemo 
therapy may produce remissions that Iasi for 
periods of from months to several years The 
small cell or lymphocytic lymphosarcoma 
and the large cell or reticulum cell lympho 
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sarcoma have a more rapidly progressive 
course and their response to chemotherapeutic 
agents is also less satisfactory than m the case 
of the giant follicular lymphosarcoma Nitro 
gen mustard tnethylene melamine triethyl 
enethtophosphoramide and chlorambucil have 
all been used m the treatment of the lympho- 
sarcomas The least satisfactory response can 
be anticipated m the reticulum cell lympho 
sarcoma that is in the phase of rapid progres 
Sion Although the mustard compounds usu 
ally have some effect on the disease at this 
stage the remissions induced are very Iran 
sient and the deleterious effect on the bone 
marrow usually outlasts the therapeutic effect 
on the tumor 

There are two other indications for chemo 
therapy of the malignant lymphomas that are 
common both to Hodgkin s disease and to the 
lymphosarcomas It is not unusual for these 
tumors to involve the mediastinum with the 
production of the superior mediastinal com 
pression syndrome similarly these tumors 
may first appear as extradural masses that 
compress the spinal cord Since persistent pres 
sure in either of these two sites presents a 
serious and immediate threat efforts to re 
lieve the compression should be undertaken 
early In the past it was customary to insti 
tutc radiotherapy Since the radiation reaction 
of vascular engorgement with localized edema 
presented the hazard of additional compres 
Sion It was necessary to initiate treatment with 
very small doses and administer larger doses 
only when evidence of tumor shrinkage was 
apparent Since this could be dangerously 
time consuming it has been found helpful to 
utilize nitrogen mustard in superior medias 
iinal or spinal cord compression due to the 
lymphomas in order to produce a rapid shrink 
age of tumor The decrease m tumor size 
achieved by the drug is usually incomplete 
and It has been found advisable therefore (o 
introduce radiotherapy at the time that the 
compression has been relieved by the mustard 
This combined therapeutic regimen reaches 
the desired end expeditiously and effectively 
Anemia due to an increased rate of red cell 
destruction is a common manifestation of dis 
seminated lymphomas [14] This may be the 
most troublesome feature of the disease for 
considerable periods It has been found that 
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drug available that can cure any neoplasm 
This fact provides the basis for the first fun 
damental principle of cancer chemotherapy, 
namely, that drugs arc not indicated when the 
tumor apparently is localized to a single re 
gion Under these circumstances corati\c 
therapy by surgery or radiation must be of 
fered to the patient 

The drugs that ha\c been described tn the 
preceding section have definite indications 
contraindications limitations, and decided 
toxicity The application of drugs to cancer 
therapy provides a useful adjunct to the phv 


schematically depicts the natural history of 
the malignant lymphomas from the time of 
their clinically recognizable inception in a 
single focus, usually a lymph node to their 
extension to multiple nodes through the stage 
of widespread dissemination with constitu 
tional manifestations such as anemia fever, 
and pruritus, to the terminal phase marked by 
cachexia and bone marrow exhaustion In the 
diagram, the time scale has no units for in 
part the progression from the inception to 
the final stages of the disease is determined 
bv the biologic characteristics of the tumor 
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sician which can benefit his patient a great 
deal It also requires an understanding of the 
natural history of the disease being treated 
and a knowledge of the clinical pharmacology 
and toxicity of the drugs to be used In the 
succeeding paragraphs the indications for the 
use of drugs m the treatment of a variety of 
malignant tumors will be presented in broad 
outline Greater detail covering clinical as 
pects of the diseases as well as their treatment 
will be found in appropriate chapters 

The Lymphomas 

Hodgkin s disease and the lymphosarcomas 
are included in the malignant l>mphomas Al 
though these diseases have many features that 
clearly separate them into distinct categories 
they also have many characteristics in their 
natural history that are common Figure 33 5 


and m part the time scale is influenced by 
the medical care given to the patient 

From the introduction of this medical sec 
lion. It will be recalled that chemotherapy is 
not indicated when the disease is localized 
This is true in the case of the lymphomas as 
It IS in all malignant tumors Evidence has re 
ccntly been accumulated to demonstrate that 
vigorous therapy by radiation of malignan 
lymphomas which are clinically localized pro- 
vides the paUent with far better prognosis lor 
5 and 10 years than when the disease is no 
recognized or not treated until there is c nica 
evidence of extension [7] When the malignan 
lymphomas have become recognizably ais 
seminated, consideration can be given o 
use of chemotherapeutic agents 

Nitrogen mustard and many of its eri 
tives have been found to be particularly va u 
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abk m the treatment of Hodekms disease at 
the stage S', here constitutioml manifestations 
such as fever, peutUus profound anorexia and 
asthenia arc prominent Und<.r such circum 
stances intravenous nitrogen mustard can be 
expected to produce remission of sjmptoms 
with evidence of tumor regression m 80 per 
cent of patients who have not been prcviousU 
treated by chemotherapeutic agents There is 
tremendous variation m the duration of the 
remission which ma) be from 2 weeks to 6 
months a median remission interval of 2 to 3 
months is a reasonable estimate It must be 
recognized that nitrogen mustard has a small 
therapeutic index and hematopoietic depres 
sion occurs almost mvanablj with cvcr> 
course of the drug Because of this retreat 
ment should be spaced at intervals of two 
months minimum unless there arc compelling 
reasons to disregard the hazard of additive 
toxicity to the bone marrow Frcqucnll) pa 
tients with Hodgkins disease have constitu 
tional manifestations that arc less acute than 
those mentioned above Under these circum 
stances chemoihcrapj may be undertaken on 
an ambulatory basts and the drugs of choice 
are tncthylcne melamine (161 or chlorambucil 
IS] The same proscriptions on rctrcatmcni 
with these drugs apply as with the intravenous 
nitrogen mustard A quantitative evaluation of 
the effect of nitrogen mustard and its denva 
lives on the natural history of Hodgkin s dis 
case has faded to demonstrate that these drugs 
have led to a prolongation of life [6] Evidcn'*c 
was accumulated however which showed that 
the use of chemotherapeutic agents decreased 
the frequenej with which radiotherapy was rt 
quired and maintained the patient in an 
asymptomatic state for longer periods than 
had been achieved before 

Nitrogen mustard and its congeners arc also 
indicated in the therapy of the lymphosar 
comas The histologic classification of the 
lymphosarcomas has important clinical impli 
cations since the natural history of the several 
types vanes [7] The giant follicular lympho- 
sarcoma IS a relatively benign tumor and when 
It has become evidently disseminated chemo 
therapy may produce remissions that last for 
periods of from months to several years The 
small cell or Ijmphocytic Ijmphosarcoma 
and the large cell or reticulum cell lympho 
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sarcoma have a more rapidly progressive 
course nnd their response to chemotherapeutic 
agents IS also less satisfactorj than m the ease 
of the giant follicular Ijmphosarcoma Nitro 
gen mustard tncthjlcnc melamine tnethyl 
cncthiophosphonmidc and chlorambucil have 
all been used in the treatment of the lympho 
sarcomas The least saiisfactorv response can 
be anticipated m the reticulum cell lympho 
sarcoma that is in the phase of rapid progres 
Sion Although the mustard compounds usu 
ally have some effect on the disease at this 
stage the remissions induced arc very tran 
sicnt and the deleterious effect on the bone 
marrow usually outlasts the therapeutic cffi,ct 
on the tumor 

Then, are two other indications for chemo 
therapy of the malignant ly mphomas that arc 
common both to Hodgkin $ disease and to the 
lymphosarcomas It is not unusual for these 
tumors to involve the mediastinum with thu 
production of the superior mediastinal com 
prcssion syndrome similarly these tumors 
may first appear as extradural masses that 
compress the spinal cord Since persistent pres 
sure m either of these two sues presents a 
serious and immediate threat efforts to re 
hevc the compression should be undertaken 
early In the past it was customary to insli 
tuic radiotherapy Since the radiation reaction 
of vascular engorgement with localized edema 
presented the hazard of additional compres 
Sion it was necessary to initiate treatment with 
very small doses and administer larger doses 
only when evidence of tumor shrinkage was 
apparent Since this could be dangerously 
time consuming it has been found helpful to 
utilize nitrogen mustard m superior medias 
tinal or spinal cord compression due to the 
lymphomas in order to produce a rapid shrink 
age of tumor The decrease in tumor size 
achieved by the drug is usually incomplete 
and it has been found advisable therefore to 
introduce radiotherapy at the time that the 
compression has been relieved by the mustard 
This combined therapeutic regimen reaches 
the desired end expeditiously and effectively 
Anemia due to an increased rate of red cell 
destruction is a common manifestation of djs 
seminated lymphomas [14] This may be the 
most troublesome feature of the disease for 
considerable periods It has been found that 
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the admtnistrttion of the adrenal conic'll 
steroids can interfere with the process that 
leads to an increased rate of red cell dcstruc 
tion and thereby improve the anemn of the 
malignant lymphomas Cortisone or prcdni 
sonc, is also indicated in the malignant lym 
phomas when the patient is symptomatic and 
cannot be treated by radiotherapy or chemo 
therapy owing to existing depression of bone 
marrow function with leukopenia thrombo 
cytopenia or both The adrenal cortical ster- 
oids arc able to abolish the constitutional man 
ifestations while they are being administered 
When these drugs are discontinued there is 
prompt recurrence of the signs and symptoms 
and if they arc continued for protracted 
periods the manifestations of disease will re 
appear, despite their administration Even 
though then cortisone and prednisone offer 
only a temporizing measure they may pro 
duce a necessary respite for return of bone 
m«irro\^ function so that further definitive 
therapy with radiation or the mustard com 
pounds may be given 

(See also Volume IX for a discussion of 
the chemotherapy of the lymphomas ) 

Uukemia 

The treatment of leukemia has been revolu 
tionized by the antitumor drugs Prior to the 
introduction of the folic acid antagonists in 
1947 only 5 of every 100 children with 
acute leukemia survived for one year An 
analysis in 1954 revealed that at that time 
50 of every 100 children with acute leukemia 
survived for at least one year 

ACUTE LEUKEMIA OF CHILDHOOD 

There an. three drugs available for the 
treatment of this disease the adrenal cortical 
steroids the folic acid antagonists and 6 
mercaptopunne The selection of the drug de 
pends upon previous treatment and also the 
seventy of the manifestations of the disease at 
the time the treatment is to be initiated If the 
patient has received no previous treatment 
and IS acutely ill with high temperature and 
bleeding manifestations the agent of choice is 
cortisone or prednisone The adrenal cortical 
steroids produce subjective and objective im 
provement in 60 to 70 per cent of patients and 
achieve this rapidly Thie remissions may be 


complete with restoration of the bone marrow 
to normal cellular characteristics or they may 
be partial with improvement m the pcnpheral 
blood, but persistence of blasts m the marrow 
m excess of 10 per cent When a remission 
has been achieved treatment should be con 
tinued at a lower dosage until there is exacer 
bation of symptoms Recurrence of signs and 
symptoms appears inevitably after a shorter 
or longer interval in spile of the fact that 
all clinical evidence of the disease may have 
been eradicated If the disease cannot be con 
trolled by elevation of the adrenal cortical 
steroids to a higher dosage then it may be 
assumed that the leukemic cells have become 
resistant to these drugs and institution of an 
other form of drug treatment is indicated 

The folic acid antagonists are the drugs of 
second choice for the treatment of acute leu 
kcmia with systemic manifestations that ap 
pear to be an immediate threat to life These 
compounds are more toxic than cortisone or 
prednisone however m about half of the 
patients complete subjective and objective 
remissions can be achieved When this has 
been accomplished it is customary to dis 
continue the drug until exacerbation of the 
signs of acute leukemic process reappear It 
has been found that retreatment with this 
group of compounds is progressively less ef 
fcctive until u’timately the disease becomes en 
Urcl) refractory 

If m the estimation of the clinician the 
child with acute leukemia is not desperately 
ill and It IS belies ed that a slower onset of 
action of drug effect will not seriously jeop 
ardize the welfare of the patient then the drug 
of choice IS 6 mercaptopunne (Punnetholl 
In 40 to 50 per cent of the patients 6 mercap- 
topurine achieved significant benefits after a 
lag period of from 15 to 21 days [2] It is 
customary to continue a maintenance dose of 
the compound after a remission has been 
achieved increasing this to full therapeutic 
levels when the peripheral blood or physical 
examination indicates exacerbation of the 
dyscrasia 

It IS to be noted that although each of the 
three compounds described in the preceding 
paragraphs is able to produce a complete 
hematologic and clinical remission of acute 
leukemia m children the development of re 
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sisfancc occurs vHh greater or lesser rapidity 
sMth each of them Fortunately cross resist 
ance docs not occur and therefore it is pos 
sible to switch from one drug to another when 
the refractor) state develops It is this fact thnt 
accounts for the progressive prolongation of 
life that has btcn achieved m the past seven 
)cars 

The importance of the development of drug 
resistance m cancer chemotherapy has led to 
intensive laborator} investigations that have 
developed fundamental concepts through bnl 
hant experimentation [18] Evidence has been 
presented which strongly indicates that in 
every popuhtion of leukemic cells there exist 
mutants resistant to the chemotherapeutic 
agents that affect the majority of the cells 
The administration of an cfTectivc drug <Ie 
stroys the susceptible cells permitting with 
time the emergence of a population of rc 
sistant cells This process of selection is sim 
liar to that which leads to antibiotic resistance 
in certain microbial infections The mcch 
amsm just described docs not indicate the 
fundamental biochemical characteristics of 
the resistant leukemic cells Exciting expert 
merits have begun to uncover the secrets of 
these cells Thus it has been shown that one 
of the biochemical mechanisms of resistance 
IS dependent upon the fact that there arc 
multiple pathways of nucleic acid biosynthesis 
present wiihm a cell A drug which interferes 
with one such bios)nthetic pathway may have 
no influence on an alternative set of reactions 
that lead to the formation of the nucleic acids 
[19] In a particular instance of acute Icu 
kemia the majority of cells may be destroyed 
because the drug aHects the more usual enzy 
matic reaction leading to the formation of 
nucleic acid A small portion of the cells 
however may be forming nucleic acid by an 
alternate pathway which is unaffected by the 
drug With the passage of time these latter 
cells at the outset in the minority will pre 
dominate since the drug administered has no 
inhibitory effect on their growth and multipli 
cation These observations suggest that com 
bination chemotherap) using drugs that would 
destroy all cells because they affect different 
fundamental cellular reactions would be more 
effective than any single drug This has been 
found to be true w experimental cancer 
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chemotherapy of mouse leukemia however at 
the present lime no combinations arc available 
that have been found to be synergistic m the 
treatment of human neoplastic disease 

ACUTE LEUKEMIA IN ADULTS 
The antimctabolitcs methotrexate and 6 
mcrcaptopurinc have very limited success m 
the treatment of acute leukemia m adults 
Only 10 to IS per cent of patients treated 
show irnprovcment and usually this is ob 
served m young adults 

It has been customary in the past to ad 
minister cortisone to adults with acute leu 
kemia as a means of providing symptomatic 
relief of the elevated temperature and also to 
decrease the purpuric manifestations that arc 
so common m this blood dyscrasta Only very 
rarely did the adrenal cortical steroids produce 
objective evidence of hematologic remission 
In the past year and a half the availability of 
prednisone as well as the decreased cost of 
cortisone has permitted an attempt it iherapv 
of adult acute leukemia using massive doses of 
these steroids It has been found that hema 
tologic remissions can be achieved in 50 per 
cent of the patients using doses of 4 to 6 Gm 
daily of cortisone or 1 Gm daiU of pred 
nisonc [24] Such tremendous doses of phar 
macologically active steroids are not without 
hazard and the period of therapy must be com 
pressed within a 10 day interval If remission 
IS to be produced it occurs within this time 
TTie steroid is then decreased and discon 
tinued The remissions are measured in terms 
of months and although rctreatment may be 
successful the longest prolongation of life 
thus far observed has been 14 months Adre 
nal cortical steroid therapy of acute leukemia 
In adults can only be considered an opening 
gambit m this difficult therapeutic problem 
which Will unijuestionably be discarded when 
more effective drugs are available 

CHRONIC MYELOID LEUKEMIA 
Dunng a large part of the natural history of 
chronic myeloid leukemia many therapeutic 
agents can produce remissions Splenic radio 
therapy has long been the conventional ap 
proach and up to the present time no oth-^r 
means of treatment has been found that i> 
qualitatively superior to it There are a num 
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ber of chemical ngents that have also been 
found to produce remissions of this dyscrasia, 
such as arsenic in the form of Fowlers solu 
tion, urethane nitrogen mustard, tncthylcne 
melamine and triethylcnelhiophosphoramidc 
Among the drugs, however, Myleran has rap 
idly achieved recognition as the most useful 
therapeutic compound [10 15] This drug js 
effective by mouth produces no unpleasant 
subjective side reactions and induces rcmis 
sions in 80 per cent of the patients treated, 
which hst for periods of 2 to 48 months 
When however the disease reaches the stage 
of the myeloblastic crisis neither Myleran any 
ot the other drugs nor radiotherapy can mod 
ify the course of the blood dyscrasn 

CHRONIC LYMPHATIC LEUKEMIA 
This blood dyscrasia is characterized by 
protracted intervals during which it is com 
pletely asymptomatic For thu reason and 
since no curative therapeutic procedures arc 
available it is customary to withhold treat 
ment until the disease produces symptoms 
When symptoms due to anemia repeated m 
fections or pressure from enlarged nodes or 
visceral infiltration appear therapy may be 
initiated with x ray or with chemical agents 
The drugs that have been found to be useful 
m this particular dyscrasia include nitrogen 
mustard and its derivatives Tnethylenc mcla 
mine and the most recently introduced mus 
tard chlorambucil have the widest applica 
tion m the treatment of this blood dyscrasia 
The latter has gamed favor owing to the fact 
that like tnethylene melamine it is active by 
mouth but only very rarely produces nausea 
and vomiting The therapeutic index is 
somewhat greater than that of tnethylene 
melamine and although it produces bone mar- 
row depression it has been found safe to use 
even when the platelets are somewhat xc 
duced The determination of the amount and 
duration of therapy depends upon the xc 
sponse of the disease as measured by changes 
in the peripheral blood count and decrease m 
visceral and lymph node invohement Avail 
able evidence indicates that approximately 50 
per cent of the patients treated have significant 
objective and subjective improvement [31] It 
IS to be noted that this is less satisfactory than 
the chemotherapeutic treatment of chronic 


myeloid leukemia, but it has long been known 
that chronic lymphatic leukemia also responds 
less regularly and satisfactorily to radiotherapy 
than docs the chronic myeloid form of the 
disease 

Multiple Myeloma 

The introduction of paper electrophoresis of 
scrum proteins as a routine laboratory exam 
ination m many clinics has led to the rccogni 
tion of the pathognomonic myeloma protein 
with fir greater frequency than had hitherto 
been ippreciatcd [22] This disease presents 
fascinating variations in its natural history, 
which include extensive skeletal involvement 
with pam pathologic fractures and hyper 
calccmia predominantly neurologic involve 
ment due to extradural cord compression or 
peripheral neuritis secondary to amyloid dep- 
ostiion, or compromise of renal function due 
to deposition of Bence Jones proteins within 
the nephron leading ultimately to death due 
to uremia Treatment of this disease is far 
from satisfactory either with radiotherapy or 
the available chemotherapeutic agents The 
greatest success has been reported from the 
use of a combination consisting of urethane 
and adrenal cortical steroids [23] The latter 
have been found effective m decreasing the 
rate of red cell destruction and thereby amel 
lorating a common concomitant of the dis 
case, namely anemia Evidence has been pre 
sented to demonstrate that urethane has a 
direct cytotoxic effect on the myeloma cells 
One clinic has reported that 35 per cent of 
patients with this disease can be benefited by 
the me of this chemotherapeutic combination 
and that life is significantly prolonged over 
untreated controls [27] (See also Vo! VIII 
Chap 18 ) 

Retinoblastoma 

Tills relatively rare tumor is seen only in 
infants and small children If recognized early 
It frequently can be cured by enucleation 
Unfortunately the tumor frequently is multi 
centric in its origin and involves lioth eyes 
either simultaneously or m succession Wen 
the tumor is bilateral or involves the eye after 
enucleation of one it is customary to attempt 
to preserve vision by radiotherapy Although 
radiaUon treatment of this tumor can cure a 
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high proportion of the cases the damage to 
cornea and lens produced by the high doses of 
X ray frequently leads to irreversible damage 
and blindness For this reason it was of greit 
interest to note that nitrogen mustard can also 
produce a destructive eflcct on this tumor [171 
More recently triethylene melamine given by 
mouth parenterally or intraarterially has 
been used m combination with radiation [25] 
The results reported indicate that the same end 
results can be achie\ed as with radiation alone 
but with a reduction of the x ray dose to levels 
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CHEMOTHERAPY OF EPITHEUAL 
TUMORS 

The epithelial tumors which include the 
adenocarcinomas statistically comprise a far 
larger proportion of all tumors than those 
which have been discussed in the preceding 
section With the exception of certain hor 
monal modifications that are of importance in 
the treatment of carcinoma of the prostate 
and breast few chemotherapeutic approaches 
of significant value have been developed It is 
nevertheless encouraging that a beginning has 
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Fig 33-6 Tabular r«pr«]«nloi on of ihe theropeul c opplicolioni of cancer 
chemotherapeutic agents m the treatment of the ievVemiot the malignont 
lymphomas multiple myelomo ond relinoblostomo The solid dots indicate 
the drugs of f rst (ho ce the open circles indicate drugs of second choice 


that fail to cause damvge of the normal ocular 
structure This constitutes a signal advance m 
the treatment of this tumor Parenthetically 
it should be noted that heredity plays an im 
portant part m the genesis of the reimoblas 
toma More than 80 per cent of the offspring 
of parents who have been cured of rctino 
blastoma develop this tumor For this reason 
the successfully treated patient should be 
warned against having children 

Figure 33 6 summarizes the chemotbera 
peutic agents that arc of use in the treatment 
of the lymphomas leuKcmtas multiple mye 
loma and retinoblastoma (See Vol III 
Chap 33 ) 


been made m certain other tumors and this 
wtU be mentioned briefly later 

Carcinoma of the Prostate and Breast 

The general principle that should be cm 
phasized at the outset of a consideration of 
endocrine treatment of cancer is that hor 
mones modify cellular mechanisms they do 
not produce new functions nor do they de 
stroy existing functions This concept is im 
portant m recognizing the limitations of 
hormone therapy that arc inherent in the 
mechanisms of action of these important 
biologic substances 

It has been demonstrated clearly that the 
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epithelium of the prostate gland is dependent 
upon androgen for its normal growth, dc 
velopment and function A proportion of car 
emomas of this gland estimated at approxi 
mately 65 per cent share many of the char 
actcristics of normal prostatic epithelium 
including dependency upon androgen This is 
the basis for the androgen deprivation treat 
ment of prostatic carcinoma that now is con 
vcntional and consists of castration together 
with the administration of estrogen [13] This 
regimen produces subjective and objective 
evidences of improvement and prolonged 
life 121] 

There is one other tumor that has been 
found to be dependent upon androgen This 
IS carcinoma of the male breast and the same 
therapeutic procedures used for carcinoma of 
the prostate produce significant remissions in 
the course of this tumor for protracted periods 
[30] 

The evidence that carcinoma of the female 
breast is a hormonally dependent tumor is 
very much more tenuous It is true that the 
development of a carcinoma of the breast 
during pregnancy carries a very grave prog 
nosts owing to apparent stimulation of the 
tumor Although this may well be due to 
estrogen stimulation it is also conceivably an 
expression of the increased vascularity of the 
gland during pregnancy which leads to a 
greater supply of nutrient to the tumor and 
increases the opportunities for generalized 
dissemmation 

It IS well to recall that the background for 
hormonal therapy for carcinoma of the breast 
was laid by studies in experimental animals 
Thus Leo Loeb demonstrated that castration 
shortly after birth prevented the appearance of 
breast cancer m strains of mice with a high 
spontaneous incidence of the tumor Lacas 
sagne showed that the protracted administra 
tion of estrogen to mice led to the development 
of breast cancer m a significant proportion of 
the animals even though the spontaneous in 
cideoce of the tumor was very low It was 
Lacassagne who suggested the possibility that 
androgen might be effective m the treatment 
of breast cancer Studies m his laboratory 
however fai’ed to demonstrate any effect of 
the sex hormones on the course of breast can 
in mice alter the tumor had appeared He 


also showed that hypophysectomy had no 
effect on the growth of the tumor if this 
ablative procedure was withheld until the 
cancer had made its appearance It is apparent, 
therefore that the administration of sex hor 
moncs or the use of various glandular ablati/c 
procedures in humans with carcinoma of the 
breast receive no particular encouragement 
from laboratory studies This m itself need 
not be a determining factor and it certainly 
has not curtailed the exploration of hormonal 
modification m carcinoma of the female 
breast 

Castration and the administration of an 
drogen in the premenopausal patient with 
Widespread carcinoma of the female breast 
can be expected to produce evidences of ob 
jcclivc tumor regression in from 15 to 20 per 
cent of patients and subjective improvement 
m a very much higher proportion of the cases 
In the patient who is three or more years post 
menopausal it has been found that the ad 
ministration of estrogen can cause tumor re 
grcssion m perhaps as high as one third of 
the cases with again a higher frequency of 
subjective improvement [3) If estrogen is in 
effective or causes an increased rate of tumor 
growth androgen should be tried m the post 
menopausal patient At the present time there 
IS a tremendous surge of interest in such 
procedures as adrenalectomy and hypophysec 
tomy Consideration of the rationale indica 
Uons contraindications limitations and results 
IS beyond the scope of a discussion of chemo 
therapy It should be mentioned however 
that there is growing recognition of the fact 
that cortisone in small doses can also produce 
objective tumor regression as well as sub 
jective improvement [20] This is of very 
great importance in the evaluation of adrenal 
ectomy and hypophysectomy since cortisone 
IS required in the postoperative maintenance 
of these patients 

Bronchogenic Carcinoma 
At the present time the soundest advice to 
give with regard to this tumor is that it is better 
to prevent it than to treat it Recognizing 
that this IS more easily said than done mention 
should be made ^ 

to treat len it 1° 

cally I / 
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radiation or when it has become widelv dis 
seminated One of the most distressing com 
plications of bronchogenic carcinoma is cx 
tensive mcdnstmal infiltration bj tumor with 
compression of the veins and other structures 
m the superior mediastinal compartrnent The 
therapeutic regimen that has been developed 
for this syndrome is the same that has been 
discussed for a comparable situation with the 
malignant lymphomas It consists of the ad 
ministration of intravenous nitrogen mustard 
m order to achieve decrease in tumor involve 
ment with relief of compression signs pallia 
tive radiotherapy follows The effect of mtro 
gen mustard and tricthylcne melamine on 
bronchogenic carcinoma is considerably less 
than their effect on the lymphomas For this 
reason the remissions produced by these drugs 
are usually transient In spile of this one 
clinic with great experience in the manage 
ment of bronchogenic carcinoma recommends 
the routine use of the compound for the pallia 
tion of inoperable tumors that are too cx 
tensive for effective radiotherapy fH] 

Carcinoma of the Ovary 
There is a stage in the natural history of 
this tumor characterized by extensive pento 
neal metastases and intractable ascites in 
vvhtch drugs may provide significant palliation 
It has been found that m approximately one 
third of these cases the administration of 
tiielhylenc melamine or triclhyknelhiophos 
phoramide will lead to absorption of the 
ascites decrease m tumor mass and improvi, 
ment m the general condition of the patient 
which persists for periods of from two months 
to as long as eighteen months [29] Unfor 
tunately the protracted remissions are rare 
and the median symptom free interval is about 
four months 

Serous Cavity Effusions 

The involvement of the pleural pericardial 
and peritoneal cavities by tumor implant lead 
ing to effusions is a frequent complication of 
many neoplasms The introduction of radio 
active colloidal gold and more recently of 
rad;oai,tive coKoidal yttrium has been a valu 
able addition for the control of tbis trouble 
some and weakening phase of many cancers 
Because of the expense of the isotopes the 
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cumbersome apparatus required to protect the 
professional personnel administering the solu 
lions and the necessity to protect other pa 
licnts in the Vicinity of the one being treated 
the availability of a simple substitute has been 
welcome It has been demonstrated that nttro 
gen mustard administered mtrapleurally can 
control effusions m 50 per cent of the cases 
irrespective of the type of primary tumor 
This IS comparable with the results obtained 
with radioactive isotopes Although nitrogen 
mustard has been used intraperitoneally as 
well It would appear that tnethylcnclhiophos 
phonmide is preferable for the local manage 
ment of ascites or pericardial effusions be 
cause this drug produces significantly less in 
tense local reaction [1] It must be recognized 
that the use of drugs or of radioactive col 
loidal isotopes in such situations constitutes 
symptomatic treatment which docs not mod 
ify significantly the natural history of the 
underlying disease 

Unsuccessful Attempts At 
CHEMOTHERAPY 

Chemotherapeutic attempts have been made 
m many malignant neoplastic diseases with 
sufficient frequency so that it is possible to 
state certain negative conclusions With the 
drugs that arc available for clinical use at the 
present time no significant value can be ex 
peeled in the treatment of epithelial tumors 
arising m the upper respiratory tract stom 
ach large intestine uterus or cervix Fibro 
sarcomas and primary bone tumors have aho 
failed to be inhibited by the drugs that have 
been discussed in this chapter Specific men 
tion should be made of the malignant mela 
noma and carcinoma of the pancreas Pre 
limmaryr observations suggested that certain 
malignant melanomas responded to tnethvl 
cnethiophosphoramide Further study failed 
to demonstrate an effect with sufficient regu 
lanty to warrant routine trial of this agent 
All the other compounds discussed have also 
been tried against malignant melanoma with 
out significant effect A recent report sug 
gested that the combination of nitrogen mus 
tard with cortisone had an effect on the coursa 
of carcinoma of the pancreas The evidence 
was based on very limited experience and the 
objective improvement was poorly docu 
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merited Carcmomi of the pancreas has also 
been treated by alloxan and cthionme because 
of the known eflcct of these compounds on 
the pancreatic islets no therapeutic effects 
have been demonstrable 

CANCER QUACKERY 

A chapter on the principles of cancer chem 
othcrapy would not be complete without men 
tion of the fake medicines that are being 
foisted constantly on the gullible and anxious 
public It IS paradoxical that this section of 
the chapter should be the appropriate place to 
set forth certain fundamental principles of 
cancer chemothenpy however, recognition 
of these basic tenets is of great aid m the 
evaluation of nostrums, as well as of legitimate 
drugs 

Contrary to lay and professional opinion 
the clinical evaluation of cancer chemotherapy 
m man is extraordinanl) difficult [8] A thor 
ough knowledge of the natural courses of the 
malignant neoplasms being treated is essential 
for m many of these illnesses spontaneous and 
protracted remissions may occur Such cpi 
sodes coincident with therapy may lead the 
inexperienced observer to entirely unwarranted 
conclusions It is well to recall that there is a 
considerable lag between the administration 
of radiotherapy and the clinically recognisable 
appearance of tumor regression On mnumcr 
able occasions patients have gone to a cancer 
quack shortly after the termination of radio 
therapy and the improvement that occurred 
several weeks later was ascribed bv the patient 
and the quack to the nostrum rather than to 
the X ray treatments 

It also must be appreciated that most can 
cers produce a chronic rather than an acute 
disease Survival for many months after the 
clinical appearance of the terminal phase of 
the disease is the rule rather than the excep 
tion For this reason the mere persistence of 
life in the face of a hopelessly advanced can 
cer cannot be considered as positive evidence 
that the therapy being given at the time is of 
significance The fact that cancer is a chronic 
disease that kills slowly also means that even 
lually the patient realizes the diagnosis This 
leads to depression emotional instability and 
psychosomatic symptoms that complicate the 
clinical picture directly produced by the dis 


case In such an environment psychotherapy 
finds receptive and responsive material It can 
be confidently anticipated that subjective im 
provement will follow the institution of anv 
new form of treatment m a patient with ad 
vanced cancer, particularly if enthusiasm and 
optimism arc part of the regimen Thus allevia 
tion of pam is a singularly poor criterion on 
which to base a claim of efficacy for a cancer 
chemotherapeutic agent 

fhe medical practitioner is finding it neces- 
snrj With increasing frequency, to evaluate 
enneer treatments that are reported m the 
daily press In his honesty, be may feel that an 
important contribution has been made that he 
has missed m his hasty coverage of the medical 
literature For him it is well to recognize 
some of the earmarks of the fraudulent In the 
first place it is certain that when an important 
and significant advance in cancer chemo 
therapy is made every medical person in the 
world will know about it even though he 
never turns the page of a single medical 
journal Therefore if a patient asks him about 
a 'cancer cure with which he is unfamiliar 
<1 prion he can be confident that it is not of 
major import The allegation of the cancer 
quack that the medical profession will not 
recognize his cure because of vested in 
terests is unmitigated nonsense Only the most 
Ignorant or small of mmd could ever be taken 
in by this paranoid cr) A secret remedj is 
another clear mark of the fake No proprietary 
drug need ever be given serious consideration 
m cancer therapy It is self-evidunt that lE anj 
one person ever does discover a chemical 
compound, or combination of compounds 
which will cure any malignant tumor his 
fame and fortune are assured without the 
necessity of keeping his discovery a secret If 
it IS necessary to look into an alleged cancer 
cure with more care attention should be 
focused on the documentation of the disease 
that has been cured A favorite trick of the 
quack is to diagnose as malignant a lesion 
that IS inflammatory or otherwise self limited 
Under these circumstances his remedy cures 
cancer with dramatic success At the present 
time It IS essential for cancer to be unequiv 
ocally documented by histopathologic sections 
before accepting the results of any therapeutic 
regimen The medical profession has an im 



I rmcipics of Clinical Cancer Chcniotherap} 
portant responsibility to prevent insofar is 
possible the perpetration of frauds on the 
laity In the field of cancer therapy this can 
best be done b> examining hypercnticallj all 
reports on therapeutic procedures irrespective 
of the source of the claim 
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This completes an introductory statement 
on the current status of cancer chemotherapy 
This labor itorj and clinical discipline is ex 
pandmg daily and its impact vs ill certainly be 
felt increasingly in the care of the patient with 
cancer 
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The Care of Patients in the Incurable and 
Terminal Stages of Cancer 


William E Howes 


Cancer rarely kills m a dramatic fashion 
but rather through slow deterioration The 
physician is wont to approach patients suffer 
mg from equally incurable diseases such as 
diabetes nephritis hypertension rheumatic 
endocarditis and coronary sclerosis with op 
timism but not so with cancer The sufferer, 
condemned before his doctor s pessimism is 
torn between the twin sirens of charlatanism 
and morphinism 

Confronted w'lth an incurable cancer suf 
ferer the doctor should plan his strategy to 
maintain and support his patient (1) to slay 
the further progress of the neoplastic ^ro»i/i 

(2) to supply general supportne measures 

(3) to care for compUcaitons that are hound 
to arise and finally (4) to make the patient 
as comfortable and contented as possible 
Ultimate success in his management will de 
pend as much on his humanitarian outlook as 
on his clinical insight 

TO STAY FURTHER PROGRESS OF THE 
NEOPLASTIC GROWTH 

Surgery irradiation and chemotherapy are 
the only modalities that can be called upon to 
stay further progress of the disease 

SURGERY 

The surgeon is justified in removing any 
neoplastic mass that causes pam or discom 
fort Such sidetracking procedures as gastros 
tomy gastroenterostomy cholecystojejunos 
tomy colostomy etc frequently afford pallia 
tion Diversion of the urinary stream may 


for it IS impossible to make all the sick well ” 
(Book of Prognostics of Hippocrates) 


result m regression in the size of primary 
bladder carcinoma 

Castration in the male has a remarkably 
palliative effect though temporary in cases 
of carcinoma of the prostate [32] Castration 
m the female m the menstrual age suffering 
from mammarj carcinoma has also resulted 
in remission of symptoms 

Neurosurgical procedures may relieve in 
tractable pain (Vol II Chaps 20 and 21 ) 

RADIATION 

In certain instances radiation therapy mi> 
prolong life reduce the size of neoplastic 
growths and relieve pain particularly when 
the tumor infiltrates nerves or when pain is 
caused by metastases to bone Irradiation may 
influence infection favorably and on occasion 
may control hemorrhage 

CHEMOTHERAPY 

For illustration of an example of co ordi 
nated research for chemotherapeutic agents 
the reader is referred to An Index of Tumor 
Chemotherapy by Helen Dyer 

Some of the drugs that have been shown to 
affect the tumor cell are briefly discussed 

Arsenic 

Arsenic m the form of Fowlers solution 
(potassium arsenite) has stood the test of time 
m the treatment of chronic leukemia 

Dosage Liquor arsemtis mm I 1 1 d m 
crease I mm daily rechecking the white 
blood count at weekly intervals With response 
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the drug is stopped or may be decreased by a 
similar amount I min daily 

Benzol 

Benzol has been used m the past for the 
leukemias and lymphomas [12] Its action is 
how ever, unpredictable and dangerous Knowl 
edge of its high toxicity as well as reported 
deaths in humans has lead to its having fallen 
into disrepute Newer chemotherapeutic 
agents have replaced it 

Phenylhydrazine 

This drug is effective in reducing the red 
blood cell count in polycythemia It is also 
extremely toxic and deaths following its use 
have been reported Hence it is seldom if 
ever used A preferable method of therapy 
IS the use of 

Colloidal Lead 

Lead orthophosphate Pb (POi). was in 
troduced by Bischoff as a compound of metal 
lie lead suitable in stability and of less toxicity 
than metallic lead Both Ullman and Reynolds 
have reported benedcial results to cases treated 
by lead orthophosphate in conjunction with 
X ray and radium therapy An average of 30 
cc of colloidal lead orthophosphate suspension 
containing 120 mg of lead is injected intra 
venously X ray therapy may be instituted 
some 3 days later Colloidal lead therapy is 
seldom used today 

Coley s Toxin 

This author has never observed a course of 
toxin therapy to have a beneficial effect 

Nitrogen Mustard 

This chemotherapeutic agent may bring 
about remission of fever and other toxic mani 
festations m ca es of genenlized Hodgkin s 
disease It may bring about regressions in cer 
tarn granulomatous and neoplastic masses 
reduce the size of the spleen and other tumor 
masses in cases of lymphosarcoma and Icuke 
mia [9] lower the white blood cell count m 
both l)mphoid and m)cloid leukemia as well 
as drop the red cell count m polycylhemn 
The recommended dose is 0 1 mg per kg of 
the patients body weight Daily injections of 
nitrogen mustard for 3 or 4 days comprise 


the usual course of treament or the total dose 
may be given at one time 

Certain chemical derivatives of nitrogen 
mustard such as tnethylenemelamine (TEM) 
tnethjlenephosphoramidc (TEPA) and others 
are utilized with minor advantages over the 
nitrogen mustard (see Chap 33) 

Urethane 

Urethane (ethyl carbamate) affects cellular 
proliferation probably as an inhibitor of 
nuclear division Temporary remissions have 
been reported in treatment of myelogenous 
leukemia [44] metastatic anaplastic carci 
noma [29] and prostatic carcinoma [33] Its 
best effect is m the treatment of myloma and 
chronic myelogenous leukemia a fall in the 
total leukocyte count results from the acceler 
aled maturation of the circulating leukocytes 
[38] Webster reports 2 fatalities after treat 
ment with urethane m myelogenous leukemia 
Dosage 1 Gm enteric capsule 1 1 d for 10 
to 20 consecutive days under observation 

Stilbamidme 

Snapper has reported temporary improve 
ment m patients suffering with multiple mye 
loma (Vol VIII Chap 18) 

Folic Acid Antogonists 

Beneficial effects of folic acid antagonists 
occur m patients with leukemias and other 
forms of incurable cancer Aminopterin 
(pteryglutamic acid) one of the so called 
folic acid antagonists has been purported to 
induce remissions in acute leukemia [60] 
The maintenance dose of aminopterin is 0 5 
to I 0 mg daily (Chap 33 ) 

HORMONAL THERAPY 

a Estrogens and androgens produce marked 
palliation m certain instances 

b Cortisone and pituitary adrcnocortico 
tropic hormone (ACTH) arc powerful hor 
monal substances They produce striking but 
temporary shrinkage of enlarged lymph nodes 
spleens and livers m patients with chronic 
lymphatic leukemia and acute leukemia as 
well as slight shrinkage of lymph nodes and 
spleen of patients with Hodgkins disease 
These hormones a*so produce a sense of 
well being (Chap 32 ) 
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GENERAL SUPPORTIVE MEASURES 

The advanced cancer patient has as a rule 
been ill for a very long time In all probability 
there IS ffl) weight loss anemia fc) vitamin 
deficienc), (d) pain with coincident loss of 
sleep and appetite, all of which will add to the 
restless nervous exhausted state In time 
weakness and disability will prostrate the 
individual while (e) dependent edema which 
may indicate a lowered blood protein level 
will make Its appearance In addition the 
advanced cancer patient is subject to i 
host of disturbing symptoms He is fre 
quently troubled with (f) cough, (g) dis 
turbance of bowel habits as manifested by 
diarrhea or constipation (h) vomiting and 
0) other upper abdominal complaints Because 
of his debilitation he is more prone to (i) in 
fcclions and (k) vinous bleeding phenomena 
These should be treated by suitable replace 
ment therapy 

Pam IS a constant companion of advanced 
cancer and is often the most dilhcuU symptom 
to control Every effort should be made to 
analyze the cause of pam It is conceivable 
that on occasion pam may actually be due to 
a psychic phenomenon secondary to the pa 
ticnts unwillingness to accept the situation 
As a rule however there is definite morbid 
anatomy causing the suffering Pam atinbut 
able to several causes may be experienced by 
the patient with advanced pelvic cancer To 
prescribe narcotics without determining the 
exact cause of pain may disguise, a complica 
tion that treatment can relieve For example, 
pam due to pyometria can be concealed with 
opiates but a more efficacious treatment would 
be to dilate the cervical canal and institute 
uterine drainage 

No matter what the etiologic pain factor 
may be the sufferer is m need of reassurance 
An atmosphere of despondency should not be 
apparent m the sickroom 

The following conditions are itemized as 
possible sources of pam with particular mefh 
ods to combat pam suggested in each instance 

Any ulceration on the surface of the body 
will cause pam Dressings should be changed 
frequently Bacterial flora can be changed fay 
sprinkling sugar over the ulcerated surface or 
by addmg acetic acid to the wet dressmg In 


the presence of infection wet dressings of 
bone acid magnesium sulfate aluminum 
acetate, saline, or alcohol 50 per cent arc 
suggested If the above solutions appear to 
irritate carbolic acid up to 0 5 per cent may 
be added If the ulceration is walled off and 
the infection minimal such ointments as 
Aqu iphor, petrolatum jelly lanolin bone 
acid cod liver od all intoin nitrofurazone 
may be tried Carbolic acid up to 0 5 per cent 
roi) be added to any of the above ointments 
Nupcrcamal 1 per cent or bcnzocainc 3 per 
cent ointment may be needed to anesthetize 
the ulcerated surface When such an ulcera 
tion becomes chronic with no tendenc) to 
cpithclization a more stimulating ointment is 
indicated such as scarlet R 5 per cent or 
Radon ointment or prcfcrabl) Thorium X m 
a petrolatum jell) 150 to 300 uc percc 
Pam from any op'*n sore m the mouth can 
be partially nllcviatcd by such h>g»ccnc meas 
urcs as saline aspirin or weak peroxidi. 
mouth washes The agonizing nature of open 
sores m the mouth may prevent persons who 
have them from taking adequate nourishment 
Such patients arc best placed on a soft or 
liquid diet or it may be necessary to tube feed 
them Specially prepared throat lozenges or a 
solution of aspirin (5 to 6 tablets dissolved in 
*/S glass of water) will often bring about 
temporary relief One per cent Butyn sul 
fate or in unusual instances, a solution of 
0 5 per cent cocaine hydrochloride may be 
sprayed in the mouth before meals Along 
with these topical applicants it is well to pre 
scribe codeine sulfate gr 0 5 q 3 h Since 
the pam is accentuated by local infection 
antibiotics should be prescribed Radionecrosis 
IS extremelj painful and a simple excision or 
debridement will result in almost instantaneous 
relief 

Infection extending posteriorly into the 
contents of the ptervgoid fossa will produce 
trismus Small doses of x ray to cross fire at 
the pterygoid fossa plus antibioucs may bring 
relief 

Pam may be referred to the ear from an) 
ulcerating mtraoral cancer This is usually ^ 
symptom of advancing disease but it may also 
accompany a severe radiation reaction Irnga 
tion of the mouth and the external auditor) 
canal with warm saline may help if not an 
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icebag should be tried If the affection is 
secondary to an eustachiitis nose drops such 
as ephedrme sulfate 1 per cent or Ncosync 
phrme 0 25 per cent will aid Codeine and 
aspirin should be prescribed before resorting 
to opiates 

Intraoral ulcerations quickly extend to bone 
with development of an osteomyelitis to add 
an additional pain factor Osteomyelitis of the 
mandible m conjunction with cancer espe 
cially when it occurs postradiation can rarely 
be checked In such instances a partial re 
moval of the mandible is indicated Ihehcmi 
mandible is best removed through the mouth 
to prevent distressing salivary fistula 
When the bone is not involved the mandib 
ular nerve may be injected with alcohol Intn 
medullary section of the 5th and 9th nerves 
m suitable instances (uncontrolled cancer of 
the floor of the mouth and tongue) will result 
in dramatic relief of pain There is however 
a coincident complete anesthesia of the tongue 
and buccal mucosa on one side which ma) 
give distressing symptoms 
Backache is a common complaint among 
bedridden cancer patients Such patients can 
be helped by the use of a firm foam rubber 
mattress supplemented with massage and dia 
thermy Too often continued backache is due 
to hidden metastascs in the bodies or pedicles 
of the vertebrae If the cause be due to hydro 
nephrosis institution of adequate urinary 
drainage or nephrectomy will bring relivf 
Pelvic infection may be relieved by surgical 
drainage along \sith antibiotics The relief that 
simple sitz baths may give must not be for 
gotten If the neoplastic involvement extends 
to nerve roots and no relief is obtained by 
radiation therapy a neurosurgical procedure 
may be indicated X radiation alone can often 
relieve the continuous aching pain caused by 
the presence of a retroperitoneal tumor 
Pam will result from spread through the 
pelvis of circinoma arising in the cervix 
uteri Such a spread of uterine cervical cancer 
Very earlj extends around and chokes off the 
Ureters with resultant hydropyonephrosis If 
this process is unilateral nephrectomy is aJ 
vanCageous — this even though incurable car 
cinoma is known to exist within the pelvis tt9J 
Transplantation of ont or both ureters to 
bowel is at present m vogue and when success 


ful, this procedure is of real palliative value 
In the most advanced cases nephrostomy or 
at best transplantation of ureters to skm may 
be all that can be done Pelvic infection may 
complicate treatment of carcinoma in the 
female pelvis To remove a pus tube to dilate 
the cervical canal for drainage of a pyometna 
or to incise and dram a pelvic or retropento 
neal abscess may bring relief 
Constipation usually accompanies an) 
chronic debilitating disease With lack of ex 
crcise and fresh air with vitamin B deficiency 
with narcosis and resultant loss of muscle 
tone constipation can hardly be presented 
The patient must be allowed bathroom privi 
leges as long as possible Fresh fruits and 
vegetables should be a part of the daily diet 
Adequate ingestion of water is important and 
regularity should be encouraged Salmc laxa 
lives magnesium sulfate and sodium phos 
phate are the preferred ones Mineral oil mav 
be given by mouth although this has the dis 
advantage of leakage and robbing the system 
of needed vitamin A Psyllium seeds base 
none of the disadvantages of mineral oil they 
swell in the digestive tract and serve as a 
normal bulkv peristaltic stimulant Dosage 
One tablcspoonful followed by water morning 
and night 

Patients should be helped to stool after 
breakfast and dinner Should voluntary effort 
fail low tap water or saline enemas my be 
given ever) second day Glycerine or soap 
suppositories may at times be preferable to 
enemas With more severe constipation it is 
best to precede the tap water enema with a 
retentive oil enema — 250 to 500 cc of mineral 
oil IS instilled to be retained if possible for 
halt an hour At times the dried out fecal mass 
may be softened by irrigating with a two way 
rectal tube using warm tap water a small 
amount of hydrogen peroxide to the pint of 
water will be efficacious An oil retentive 
enema of 1 pint followed by a hot soapsuds 
enema of approximately 2 quarts is usually 
more successful Doxmate a wetting agent 
consisting of dioctyl sodium sulfosuccinate 
IS efficacious m softening impacted fecal 
masses Manual removal must be earned out 
if the above procedures are unsuccessful 

Diarrhea may result from a carcinoma lo 
cited anywhere along the intestinal inct or 
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be due to peritoneal implants as well as radia 
tion injuries When the stools arc frothy and 
fetid the possibility of sprue secondary to 
memn or pancreatic disease must not be 
forgotten Treatment should be directed to the 
basic cause It may be necessary to place the 
patient on a fluid diet or withhold food en 
tirely The patient can be sustained temporarily 
on parenteral fluids MdV. of bismxith kaolin 
and pectin may give relief A tap water enema 
should always be given early to clean out the 
lower bowel If the diarrhea continues tin 
abited paregoric and morphine may have to 
be resorted \o A swJetreekmg opetetwrv may 
relieve an otherwise intractable diarrhea 
caused by an obstructing inoperable neoplasm 
Vonuinig may be due to intestinal ob- 
struction the obstructing site may be any 
where from pylorus to upper rectum The 
location of obstruction should be determined 
and when the growth is not removable relief 
should be given by various procedures de 
pending partially upon the site of obstruction 
When possible an intestinal sidetracking pro 
cedure should be attempted, if not an cntcros 
tomy may be performed 
Vomiting may be secondary to liver or 
pancreatic involvement Here but minimal 
palliation can be expected Frequent gastric 
lavages are recommended along with paren 
teral fluids to support the patient With per 
sistence of the vomiting all food by mouth 
should be discontinued Fluids salt sugar 
and proteins can be supplied by intravenous 
route Gastric lavage followed by a Wangen 
Steen type of drainage may be necessary 
Sedation such as phenobarbital sodium gr 2 
by hypodermic will reduce nervous irritability 
A complicdting acidosis or nephritis may also 
bring on vomiting Here therapy must be 
directed to the underlying etiology 
Sensitivity to opiates should not be for 
gotten as a frequent cause of nausea and 
vomiting Symptoms of dyspepsia bilious 
ne«s epigastralgia etc may result from con 
comitant gastroduodenal or gallbladder dis 
ease as well as from the presence of neoplasm 
anywhere throughout the length of the gastro 
intestinal tract and from secondary invasion of 
liver or spread onto peritoneal surfaces 
Until the exact cause of complaint is identified 
the following drugs may be tried to give 
relief 


Aluminum hydroxide ZI — II 

Sodium bicarbonate gr 10 — tid prn 

Atropine gr Vi o — tid ac 

Synlropan 50 mg — tid 

Phenobarbital gr 0 5 — 1 5 

COMPLICATIONS DUE TO 
CONCOMITANT DISEASE 

Tertinry syphilis appears on the cancer 
wards in from 5 to 10 per cent of all adinis 
sions Present methods of treatment with anti 
biotics (penicillin) is indicated not m lieu of 
cancer therapy but in conjunction with cancer 
thetipy 

Tuberculosis A routine chest x ray of the 
cancer patient may bring to light the presence 
of a chronic fibroid phthisis unsuspected up 
to the moment Every cfTort should be made 
to treat the tuberculous lesion independent of 
ihc cancer process When possible open cav 
itics should be compressed by accepted surgi 
cal methods or where surgery is contram 
(licatcd, streptomycin therapy should be earn'd 
out 

Herpes zoster also comes as a frequent 
visitor to the cancer ward It commonly attacks 
the leukemic individual Susceptibility to this 
infection is m some way increased by debility 
Sudden onset of neuritic pain often about the 
trunk or thighs should lead the attending 
physician to consider the possibility of an 
incipient herpetic eruption A sbght T rise 
may be among the prodromal symptoms 
M^crale doses of x ray to both the skin 
regions involved and the cord segments sup- 
plying the affected part tend to abort the 
process as well as dampen the pain almost 
immediately 

Herpes simplex (fever blisters) may appear 
ou the lips and about the mouth of the cancer 
patient the condition is associated with debil 
ity and secondary infection The following 
are suggested as local applications 

R/ Spintus camphorae 15 00ZZ/SS 

Sig Local application 

R/ Solutionis zmci sulphatis 2 per cent 15 00 
ZZ/SS 

Sig Local application 

R/ Tincturae benzomi corapositae 15 0^ 
ZZ/SS 

Sig Apply locally allow to dry 

Pleurisy with or without effusion m the 
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cancer patient usually indicates metastatic 
spread to the pleufal surface X ray of the 
chest after drainage of the fluid accumulation 
and when indicated injection of air into the 
pleural space to drop the lung away from the 
parietal pleura may help in making an exact 
diagnosis Effusion secondary to a shower of 
pulmonary infarcts in case of endocarditis 
must be differentiated from effusion due to 
metastasis, a blood culture is required Endo 
carditis and pneumonia will need to be treated 
according to prescribed methods 

Ascites IS usually indicative of peritoneal 
or retroperitoneal metastases Repeated courses 
of radiation therapy may bring relief Here 
the use of radiogold is in the experimental 
stage and offers some promise Rarely such 
a patient will respond to a mercurial diuretic 
such as Mercuhydrin 1 to 2 cc intravenously 

Myocardial degeneration xalvtdar heart 
disease and coronary disease are common 
entities among older people The cardiac 
status IS often the factor deciding whether 
that individual may be expected to withstand 
radical surgery 

PAIN RELIEVING AND TRANQUILIZING 
DRUGS 

SOPORIFICS 

The batbiturates tend to allay neraous 
apprehension and thus induce sleep Pheno 
barbilal gr 1 5 to 3 is the basic medicament 
With tolerance or allergy it may be necessary 
to turn to such other drugs as chloral hydrate 
0 6 Gm to 2 0 Gm diluted in water or in 
milk With extreme restlessness it may be ncc 
cssary to use paraldehyde 4 cc with cracked 
ice or icewatcr this dose can be increased 
from 8 to 12 cc by rectum Paraldehyde can 
also be given by hypodermic Bromides arc 
useful drugs that have a helpful sedative ac 
lion Because many do not tolerate bromides 
well and there is always danger of skin 
manifestations they are not prescribed as 
frequently as the barbiturates Dosage Sodium 
bromidu or triple bromide gr 15 as needed 

ANALGESICS GENERAL 
Drugs helpful for relief of pam can be 
separated into such coal tar derivatives as 
acclanilid and phcnacclm and the salicylic 
acid dcrnatiics of which aspinn is best 


known as well as the narcotics 

Acetylsahcylic acid (aspirin) gr 10 every 3 
hours as needed will usually be sufficient to 
lower the patients pain threshold so as to 
allow him to carry on in relative comfort for 
months W'lthout necessity of reverting to 
stronger habit forming drugs At times the 
benefit can be heightened by combining aspirin 
with phenacetin and caffeine 

Cobra venom consists of a solution of the 
cobra venom toxin Its effect is supposedly 
cumulative and it is therefore given at daily 
intervals in a series of injections dose 10 to 
30 min 1 to 2 cc by hypodermic In the 
author s experience this drug m nontoxic 
amounts effects but minimal pam relief 

NARCOTIC DRUGS 

Codeine is the least harmful and most use 
ful of all narcotic drugs To relieve a racking 
cough (0 1 to 0 25 gr ) it is almost specific 
Codeine is even more valuable to obtain rc 
hef of pain (0 5 gr ) When given in con 
junction with aspirin there appears to be a 
heightening of the effect 0 5 gr codeine plus 
5 or 10 gr of aspinn every 3 or 4 hours as 
needed On occasion less gastric disturbance 
may result by alternating codeine with the 
aspirin Seldom is it useful to increase the 
individual dose of codeine over 1 gr When 
tolerance has been raised above this level it is 
advantageous to switch to some other opium 
derivative 

Dover s powders 0 3 Gm to gr 5 in capsule 
alone or with aspirin will often give relief 
when (he tolerance to codeine has risen 

Pantopon hydrochloride is composed of all 
the alkaloids of opium in the form of a hydro 
chloride Pantopon retains all the pam reliev 
mg factors of opium while it is purported to 
have fewer side effects It is supposedly less 
habit forming than morphine Dosage ’fj gr 
to h gr 

Dihydromorphme hydrochloride (Dilaudid 
hydrochloride NNR) is an effective nar 
cotic This drug has fewer side effects on the 
gastrointestinal tract than morphine but it is 
a known depressant to the respiratory ccnlcr 
It may also produce skm rash and certain 
other sensitization phenomena In the author s 
experience there is a marked individual \aria 
tion in the effect of this drug Dosage gr 
by mouth h gr by hypodtrmic 
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There have been many favorable reports dose 2 5 to 10 mg Methadon and its isomers 

about meperdme hydrochlonde (Demerol hy have been reported upon by Denton and 

drochloride NNR), a morphine derivative Beecher 117] as being effective for the relief 

It js supposed to be less habit forming and of postoperative pam 
luss apt to build up a tolerance than other Heroin (diacctylmorphinc hydrochlonde) 
opiates There is, however a marked variation is notabl) habit forming and is no longer 
m Its efTcctivcncss on different individuals listed m the National Formulary It has no 
Dosage 0 05 to0IGm particular advantage over other narcotic 

Methyl dihydromorphinonc hydrochlonde drugs listed above 
(metopon hydrochlonde), Sharp and Dohmc Opium is the source of all narcotics and 
IS a morphine derivative It is purported from which all alkaloids arc separated At 

to have double the analgesic effect of mor the present time it is used only in the form 

phine with a duration of action equal to of suppository 1 gr per suppository There 

morphine It has no cmilic action while tol arc many instances when opium suppositories 

erance is built up more slowly than with will be found cfTicacious, as when the patient 

morphine Dose b} mouth 6 0 to 9 0 mg is unable to tolerate narcotics by mouth 
repeat with recurrence of pain Morphine is the principal alkaloid of opium 

Methadone hydrochlonde (methadon) and has stood the test of time as the most 

Parke Davis and Company is a new synthetic cfllcicnt narcotic to bnng relief to the more 

organic compound found to have a pro advanced cancer patient It is rarely given 

nounced effect m controlling pam — parenteral by mouth It is more efficient when given sub- 


TABLE 34-1 — Summarv op tuc Cunical Use op Trasqoilizino (Ataractic) Acevts 


T)pe of illness 

Druv of choice for 
tmnat treatment 

Recommended 

dosage 

Route of 
ednunisirotion 

Psychoneiirotie 

Anxiety tension state 

Phcnobarbilal If 
no improvement 
meprobamate 

30-60 mg 1 1 d or 
q 1 d 

400 mg daily to 
600 q I d 

Orally 

OraUy 

Acute Situational Reaction 

Severe agitation emotional lability 
aggravation of preexisting psycho 
neurosis Reaction to presence of 
cancer or to certain therapeutic 
procedures (colostomy excision of 
portion of face amputation etc ) 

Chtorpromaxine 

25-50 mg (may re 
peat if necessary) 
25 mg (may repeat 
if necessary after 
45 mio -1 hr ) 

Orally 

Intramuscularly 

Acute Psychotic Reaction 

Suicide attempt agitation confusion 

Chlorpromaane 

Promazine 

As determined by 
individual situa 
tion 


Alcoholic Syndromes 

Subacute withdrawal phase 

Meprobamate 

Titrate 400-600 
mg bid t 1 d 
q 1 d 

Orally 

Acute hallucinosis and delirium 
tremens 

Miscellaneous 

Drug addiction withdrawal phase 

Chlorpromazine 

Promazine 

Promazine 

As determined by 
individual situa 
tlOQ 


Incurable Cancer 

Any combination of 
ataractic agents 
dependmg on the 
clinical situation 



After J H Sloyer K. Pevey and V Kinross XVnght, CP IS 97 

1957 
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cutaneously, 0 25 gr repeated as needed As 
staled tolerance to this drug is rapidly built 
up and therefore the dose must be increased 
to render necessary relief 

TRANQUILLITY (ATARACTIC) AGENTS 

Table 34 1 summarizes some of the clinical 
applications of certain ataractic agents U in 
dicatcs their possible role in controlling 
various types of reactions of patients to the 
presence of cancer or to certain therapeutic 
procedures m the treatment of cancer (am 
putalions etc ) as v.cU as their role in 
conjunction with narcotics and other medi 
cations m aiding to control symptoms m 
patients with incurable cancer 

ADDENDUM EUTHANASIA 

Norman Trens 

The administration of sedatives and nar 
cotics to patients brings up discussion that 
has recurred in medical practice since the 
early part of the seventeenth century It has 
been felt by many members o' the profession 
that once the terminal stage of cancer has 
been reached narcotics in large doses should 
be indiscnmmately administered But since 
the life of the incurable cancer patient is 
Usually of long duration sedatives hypnotics 
and analgesics should be used with utmost 
caution 

Eitifianasia literally means a good death (a 
gentle death of little suffering) There is little 
to be found in medical writing on the manage 
ment of the dying or on the treatment best 
adapted to the relief of suffering incidental to 
that condition Since the subject is not taught 
m any of our medical schools the physician 
enters practice having to learn for himself 
what to do and what not to do in the most 
solemn and delicate position in which he can 
be placed — m attendance on the dying It n 
for him to administer the resources of medical 
art m aid of an easy gentle and placid death 
The whole subject of euthanasia or of a calm 
and easy death insofar as it respects the 
physician is m need of special study 

The word eiithancisia refers to two things 
first the practice of painlessly putting to death 
those suffering from distressing symptoms as 
an act of mercy second the practice of re 
lieving suffering so that death will take place 


with as little distress and pain as possible 
These are such totally different aspects that 
each should be considered separately 

The State has never sanctioned the first 
and the physician is not given the right by any 
diploma he possesses to administer a drug to 
cause death It is probable that even if it 
were permitted the majority of doctors would 
refuse to do so since they enter their pro 
fession to maintain and prolong life not to 
take it 

Euthanasia is a matter of interest to all 
for death sometimes comes very slowly and 
delay may be tragic to the patient and those 
around him A physician is permitted to give 
drugs to relieve pain and suffering so that 
life may go on with as little disturbance as 
possible and death may take place briefly 
He may give as much medicine as he thinks 
a particulir patient needs provided the atm 
IS to relieve symptoms He must be guided by 
what IS the best interest of the patient But 
however much death might be desired by the 
patient in no circumstances is a medical man 
ever permitted to hasten its approach It must 
not be assumed that the administration of 
drugs to relieve suffering necessarily h istens 
the end for if the pam persists it will soon 
undermine the health and even if a drug has a 
depressing action its harmfulness may be 
more than counterbalanced by the serious 
effect of the prolonged suffering and pam 
that It IS given to relieve Up to the present 
the State has entrusted to the medical pro 
fession a tremendous power m regard to this 
aspect of euthanasia not so much by estab 
Iishing laws to enable its members to act but 
bv not establishing laws that limit their power 

Now that many drugs arc available for 
relieving pam no patient should reach the 
stage when he desires an operation in the 
hope that It may lead to death nor should he 
be allowed to linger on in agony with his 
pain unrelieved Unfortunately it is still diffi 
cult when life is likely to last for years to 
counteract pain all the time for if drugs are 
administered over a long period they may 
eventually fail to act or may lead to de 
moralization which ultimitely may be as dis 
trcssing to the piticnt and his friends as 
severe pam 

Death from old age — the natural tcrroina 
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tion of life and Ihe simplest form of death 
that can occur— creeps on by slow and almost 
imperceptible degrees It is characterized by 
a gradual and proporliomte decay of all the 
functions and organs of the body and os a 
rule It presents no symptoms that call for 
special treatment It is only when the normal 
course of decay is disturbed h) supervening 


disorder or disease of an important organ or 
by surrounding circumstances that suffering 
of any kind attends it Good nursing and the 
due administration of light food and stimu 
lants comprise all that is needed The ap- 
proaches to death are so gentle and the act 
of dying so easy that nature herself provides 
a perfect cuthanasn 



CHAPTER 35 


Special Nursing Problems of the 
Patient with Cancer 


MaryG Pofferson 


The patient who suspects or knows he has a 
cancer \s frightened by a threat to which he 
can attribute no cause The nurse needs to 
understand that the fear of cancer anesthesia 
operation mutilation dependence pam and 
death may be expressed in hostility querulous 
ness demands aggressive and destructive be 
havior, or withdrawal depression and rejec 
tion The nurse is the mother figure and guilt 
and blame will be childishly placed on her 
shoulders She must be very sure of her own 
feelings She may be causing the patient un 
necessary hardship by expressing m similar 
patterns her own inability to accept the situa 
tion An objective and balanced view of the 
problem must be maintained She cannot per 
nut her judgment to be clouded by personal 
identification with the patient or self projee 
lion into his situation With all this she must 
attempt to be receptive pleasant calm firm 
sympathetic reasonable and understanding 
She must be a good listener realizing that the 
patient gets relief when he is allowed to c\ 
press his feelings But she must be able to 
judge at what point the emotional disturbance 
becomes pathologic so that special treatment 
IS required and this observation should be re 
fleeted m her notes She must reassure the 
patient by msldlmg trust hope and security 
through her technical competence confidcnct 
m the doctor and support of the value of the 
treatment and the outcome She must never 
neglect reject abandon or punish a patient 
irrespective of the sight sound or smell of 
him It IS her job to succor him to the end 
Special oticolosic niirsinp care due to the 


nature of tumor growth results from two mam 
problems The one is obstruction which inter 
feres with essential functions in the gastro 
intestinal tract genitourinary tract respiratory 
system circulatory system etc The other js 
ulceration of the tumor onto a tissue surface 
or erosion of a blood vessel complicated by 
infection necrosis hemorrhage drainage 
odors pain anemia etc Nursing care related 
to treatment includes management and re 
habilitation of the patient with a surgical de 
feet management of patients receiving chem 
icals hormones toxins viruses and other 
experimental agents and management of 
radioactive materials 

NURSING CARE OF PATIENTS WITH 
GASTROINTESTINAI CANCER 

Obstruction of the lumen of the gastrom 
lesiinal tract is one of the commonest prob 
lems To stimulate the patients appetite and 
raise his morale the food may be served in 
its usual form and then liquefied with a Foley 
Food Mill or an electric food liquefier such 
as the Waring Blender Baby foods available 
can also be used The patient with feeding 
ostomies should sit up and participate as much 
as possible in the feeding procedure He 
should remain sitting or be supported m 
Fowlers position unless contraindicated for 
about an hour after feeding to prevent spill 
mg This IS important to remember with oldtr 
people who like to he down after meals A 
glass of water should be given with each fctd 
ing The surrounding tissue may be protected 
with soybean powder dissolved m enough 
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water to nnl.c a thick paste alummum paste, 
aluminum powd>.r sprinkled on the skm or 
zme peroxide paste with alummum powder 
Resection of esophageal tumors produces 
a variety of special postopentivc problems 
If the cervical esophagus is resected, then the 
patient must feed himself through the stoma 
nbovi. the clavicle and needs a mirror add d 
to his equipment If the larjnx has been re 
sccted With the csophigus it is vital to have 
the tracheal opening carefully labeled “do 
not feed since the external appearance of 
each stoma is similar 


Irr\gattne tube 



The central problems m nursing care of 
the patient whose tumor is in the colon or 
reciutn revolve around preparing those organs 
for surgery and the postoperative manage 
ment of the colostomy 
The main nursing problems arc to watch 
for hemorrhaee signs of pocketed matenal 
phlebitis and fistula Irrigations of the postc 
nor wound may be done with the patient in 
knee chest position (see Figure 35 2) This 
position allows the bladder to fall normally 
m the pelvis and promotes recovery from 
operative trauma Early ambulation of pa 
tients with perineal wounds presents the prob 
lem of keeping the dressing in place while the 
patient is active It has been found that the 



Patterson pelvic binder (see Figure 35 3) 
keeps the dressing secure and gives the patient 
more confidence in moving about 

NURSING PROBLEMS OF PATIENTS 
WITH CANCER OF THE 
GENITOURINARY SYSTEM 
Basic objectives are prevention of infec 
lion maintenance of free urmarj drainage 
and the control and management of unnar) 
output Catheterization and irrigation of the 
bladder measurement of residual unne the 
psychologic and physical stimulation of void 
ing arc part of routine management The last 
should be attempted at a reasonable hour 
after known adequate intake when the patient 
IS Up and about and if possible m the bath 
room Various suggestive devices such as run 
nmg water glass of water to drink pitcher 
douche cool compress to the pubic region 
etc can be used to induce voiding The m 
dwelling catheter usually drams into a cov 



Fig 35 3 Polterson pelvic binder 
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fi9 35 i leg uiinal Viet* xi'Vi tvpropubvc 
cyttoilemy tub* 

ered gallon jug at the bedside If the patient 
must wear the catheter home a leg urinal 
may be used A suprapubic cystostomy tube 
may usually be managed m a similar manner 
(Figure 35 4) 

Special nursing problems result from the 
diversion of the urinary stream because of 
obstruction or surgical interference One or 
both ureters mav be implanted into the colon 
In this case the urinary and fecal secretions 
are collected m and expelled from the rectum 
These patients are incontinent for a period of 
time and only gradually does sphincter con 
trol return Care of the perineal skin is very 
important It may be several months before 
the need to use the bathroom in periods as long 
IS 3 5 hour intervals can be established This 
factor determines rapidity of rehabilitation 
of the patient These patients should be in 
structed not to take an enema or any other 
treatment which may produce an ascending 
infection of the urinary tract by forcing the 
recta! contents into the implanted ureters 



wet eo\otiomy 



fig 356 Singer tup for management of 
eutaneoui ureterostomy 



>•1 K*«p head trunk 
ind tegi irt ttroight 




Repec 

Fig 257 Rehobilitcitiof 






Rep«( 

Fig 257 Rehabililotior 
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Care of the Wet Colostomy 

Occasion illy, the bladder and rectum Mong 
with other involved tissues may be resected 
and the ureters implanted m the rtmaming 
colon In this ease the urinary and fccnl dis 
charges arc expelled through the colostomy 
stoma Care of the shin is of great importance 
so that n bag can be applied ns soon os po\ 
sible Evacuation of these secretions is con 
tinuous and cannot be controlled by irngition 
Or diet Irrigation may start an ascending 
urinary infection A device successfully used 
for management of the wet colostomy is the 
Pierce bag which is applied with liquid ad 
hesive making an airtight seal reinforced by 
plastic vmylitc (Figure 35 5) Odors can also 
be controlled in this way The bag is emptied 
into the toilet at intervals but docs not have 
to be removed for 2 to 3 days Chlorophyll 
employed m the solution used to wash the 
appliance or taken orally in tablets helps to 
control odors Charcoal also aids in the social 
acceptance of the patient by reducing flatus 


can be used over the dressings during the 
healing period These wounds do well if 
cleaned frequently with spray and suction 
methods, using one of a variety of solutions 

The rehabilitation of these patients involves 
the correction of the dropped shoulder and 
(he limitation of arm movement by means of 
I plan for daily exercise Ten exercises de 
signed for this purpose have been used sue 
ccssfully as a basis for group health teaching 
(see Figure 35 7) Of course, the limitation 
of function and degree of resumed activity 
depend on the * handedness of the patient m 
relation to the region involved 

SPECIAL NURSING PROCEDURES OP 
PATIENTS WITH CANCER OF THE 
HEAD AND NECK 

The nursing care of patients with tumors of 
(he head or neck presents special proMeras m 
(he management of feeding breathing sensory 
disturbances and of wounds id contaminated 
areas of the mouth, nose, and throat 


Ureterostomies 

Frequently, the uruters are implanted on 
the skm These ureterostomies have to be cart 
fully managed to prevent retraction and mam 
tain viability Ureteral catheters inserted at 
operation are kept clear of obstruction by 
irrigation If the ureterostomies are permanent 
they may be managed with the Singer cups 
(see Figure 35 G) These are applied with 
liquid adhesive and liad to the urinal strapped 
to the thigh 

NURSING PROBLEMS OF PATIENTS 
WITH BREAST CANCER 

The immediate postoperative care of the 
patient who has had a radical mastectomv 
presents several important nursing problems 
The pressure dressing around the chest makes 
postoperative lung aeration difficult Hemor 
rhage from the axilla and cyanosis of the 
hand are dangers for which the nurse should 
watch Naturally the pulse and blood pressure 
should be measured on the unaffected side 
The affected arm should be elevated and in a 
day or so the patient should begin to use it 
to comb her hair brush her teeth and take her 
balh Even before discharge an artificial breast 


Oral hygiene is always the nurse s responsi 
bilit), but in this region it is of special itn 
portance since it contributes to the control of 
infection and pam If the mouth is ulcerated 
(he power spray nnd suction technic can be 
used very effectively 

Nasal feeding contnbutes to a clean mouth 
and throat both pre and postoperatively A 
No IB cathtier slightly moistened with a 
water soluble lubricant is held with the nat 
Ural droop downward The catheter is directed 
through the Ivrger nostril toward the lobe of 
the ear while the patient is instructed to 
swallow The end of the tube is encircled by 
an adhesive flange and pinned with a safety 
pin or by a rubber disk to prevent swallow 
ing (see Figure 35 8) A test should be made 
after each insertion to be sure that the tube 
is not m the trachea If the patient coughs if 
air bubbles through the w ater when the flanged 
end is submerged or if inspection of th® 
throat shows the tube to be directly m fhe 
mid line the tube should be withdravm and 
reinserted The patient needing tube feeding 
for a penod of time can be taught to insert his 
own tube and administer his own nourishment 

To promote healing the wounds ifl fh® 
mouth and nose cavities should be kept clean 
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b\ frequent spra) and suction Care should be 
taken not to touch the suture line Dobells 
saline and peroxide are some of the solutions 
used Dressings saturated in acti%ated zinc 
p roxide base been found to be particular^ 
useful m presenting infections if packed along 
the suture line or affected area 

The tracheostonn requires constant and 
meticulous care If the opening is temporary 
the nurse remoses onlj the inner tube for 
cleaning The patient can be taught to suction 



this tube and change it It is most important to 
do this often since the lumen is small and the 
secretions arc tenacious and tend to crust The 
patient must cough at regular inters als hold 
mg a gauze apron oser the stoma to catch the 
secretions ^^'hen postoperative edema has sub 
sided sufQcientlj to permit an adequate air 
vva) through the larjnx then the inner tube 
ma} be removed corked and reinserted as 
Ordered The cork should be tested for size 
on the lumen of the inner tracheoslomv tube 
before inserting to prevent possible aspiration 
A black thread strung through the cork and 
taped to the skin is a special safetj measure 
If (he stoma is permanent the mucosa is 
sutured to the skin which brings the cartilaee 
ring of the trachea to the surface to keep the 
lumen open After a few davs these patients 


ma) do \cr\ well without a tube However 
the) should wear one at night to prevent 
occlusion of the stoma while sleeping 

The abil tv of these patients to speak s 
temporaruv i itcrr^-ptcd A magic slate or 
some other device enables these patients to 
express themselves bv writing 

THE NURSING CARE OF PATIENTS 
RECEIVING RADIATION THERAPY 

Special nursing care of the patient is re 
lalcd to protection of the skin or mucous mem 
brane through which x ravs are delivered and 
protection of the patient against sjstemic 
reaction or radiation sickness These sub 
jtcts are discussed is detail in Chapter 29 
The nurse pla) s a v ital role m the maintenance 
of the necessarv disciplines 

Radium The nursing care of the patient 
should bt planned so that the radium is ap 
plied and removed exactl) when ordered (this 
is the doctor s responsibihtv ) The patient s 
bedside should be labeled during this period 
and the patient should be kept in bed m the 
prescribed position lest the beam of radiation 
be diverted Contact with the patient should 
be reduced to a minimum 

All radium should be counted before and 
after insertion and checked bv the doctor If 
an) IS lost all activit) should be halted until 
It IS recovered bv the radiologist or phvsicist 
Special precautions should be taken to prevent 
flushing down sinks hopper or toilets or 
discarding in waste cans or other refuse dis 
posal Units 

Radioactive isotopes should bt brought to 
the nursing unit and administered immcdiatelv 

Nunmg care of patients who are being 
treated with radioactiv c materials cm be 
planned according to the following sucgvS 

tlOQS 

1 Prepare as completcl) as possible for 
nursmg care aw a) from the bedside 

2 Keep all sources of radiation awa\ from 
all working areas and personnel 

3 Store radioactive mvtenals m the nurs 
ing unit no longer than is absolutclv necessarv 

4 Alwavs keep rndioaclive materials cn 
closed in carntrs or containers that have been 
tested for adequate protection 

0 Never discard anjthmg suspected of con 
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taming radioactive material but report to 
proper authority for investigation 

6 Handle all radioactive material with 
long handled instruments at arm s length 

7 Wear gloves when handling isotopes 

8 All personnel working with radioactive 
materials should wear monitors that arc read 
monthly to ascertain safe minimum exposure 

9 Periodic blood counts should be taken of 
exposed personnel 

OTHER AGENTS 

The quest for a lethal material specific to 
malignant tumor tissue has added a number 


of agents of palliative value These include 
chemicals such as nitrogen mustard antifolics 
urethane, etc hormones such as testosterone 
estrogens ACTH and cortisone, and toxins 
such as Coley s toxins The list is long and 
changing as the investigative processes go for 
ward The nurse is part of this activity on the 
clinical level and makes a sensitive contnbu 
tion to the findings In order to make the most 
cfTectivc contribution she should know the 
method of action, therapeutic dosages, method 
of administration, and toxicology of the drugs 
administered including expected and unto* 
ward reactions of the drug on the patient 
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CHAPTER 36 


Methods of Reporting End Results of Cancer 
Treatment 

Eleanor J Macdonald 


The choice of treatment for cancer has 
been determined by individual clinical expen 
ence with a rationale based on the state of 
current knowledge Results of these separate 
clinical experiences have been massed and 
reported in terms of survival with or without 
freedom of clinical symptoms of the disease 
The one objective criterion for measuring the 
clTects of treatment against the disease cancer 
» increase in survival time resulting from 
the treatment used Despite the great volume 
of reporting the simplest questions still re 
main to be definitively answered Manj of the 
accepted customs m cancer thinking have 
developed from the experience with cancer of 
the breast The large and increasing volume 
of rccogmxed cases of this one site and the 
relatively early application of radical excision 
as the accepted treatment started a literature 
of descriptive and more recently of inductive 
analjsis of the component parts of this prob 
Icm Observation that mctastascs became 
clmicall) apparent in cancer of the breast 
with greatest frcqucnc} in the first and fourth 
)e3rs after treatment led to the arbitrar) adop 
tion of five )cars survival or freedom from 
disease as the criterion for evaluation of treat 
ment or one jear after the observed danger 
period in cancer of the breast This criterion 
"as applied to all sites of cancer 

Nathanson and Welch [10] m 1936 showed 
that the expectation of life for indisiduals with 
cancer of difTcrcnt sites paralleled the normal 
expectation of hfe after three years in some 
*>tes of cancer four in others and five in 
others and that in cancer of the breast there 
"ere fluctuations from normal after ten years 


By inference they showed that if a time limit 
were to be the determining factor in auditing 
results of treatment there should be different 
time limits for different sites This acute 
observation did not alter the custom of five 
year reporting allhough it did influence the 
periodic schedules recommended in many fol 
low up programs 

lotecsive study is in progress toward the 
development of a more powerful technic for 
evaluating the effects of treatment in cancer 
It IS historically interesting that one of the 
early efforts toward applying the experimental 
method to testing forms of treatment used m 
cancer m planned clinical trials designed to 
avoid the risks of bias mherent m unplanned 
studies IS being made m the study of cancer 
of the breast It is realized now that established 
principles of good medical practice may be 
maintained while at the same time determma 
tion of the effect on the curability of cancer 
of the several methods of treatment currcntlv 
used empincally may be evaluated through 
CO operative clinical trials planned and earned 
out in collaboration with a statistician 

This may well be the turning point m the 
attack on cancer In this period of transition 
while investigators search for answers accept 
able by scientific standards to each of the 
inherent problems in assessing treatment and 
results for cancer the clinicnn in his dailv 
practice will continue as he has done using 
the judgment i c has gained from experience 
The methods of reporting end results of treat 
ment given here must be rccocnized as transi 
lional pending the application of the modem 
method of clinical trials to the elucidation of 
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the cITccis of treitmcnt in cancer 

Efforts to evaluate the results of the care 
and treatment of cancer have led to a growing 
constructive literature devoted to the critical 
appraisal of current methods of reporting end 
results Among the best arc the reviews b) 
Hopkins [6] and Smithcrs [15] on breast 
cancer, b> Tivcy [17, 18, 19] on leukemia, by 
Berkson and Gage [3] Boag [4] and Lci [7], 
on other sites Hopkins has clearly stated the 
points at issue m the following 

The basic problem we wish to solve is how 
best to estimate the probability of surviving 
through cich of a succession of time mlervals 
such as weeks months or yean following our 
origin (onset of disease diagnosis beginning of 
therapy and so forth) A good method would 
(a) use all the information available from the 
data (6) provide early estimates i e consider 
ably before the actual death of all the patients 
(e) make provision for competing risks of death 
from other causes (d) provide an estimate of the 
precision of our estimated mortality rate ic a 
standard error so that results of a senes may be 
compared with other senes and (e) be reasonably 
simple to understand and operate 

In agreement with the other analysis of 
existing methods he described the three com 
monly used incorrect methods and their m 
trinsic defects as follows 


1 The procedure of obtaining a survival rate 
by dividing ones patients alive at this moment 
by the total number of patients treated to dale 
involves an obvious fallacy The nsk of death 
(or of survival) being a function of (he passage 
of time a composite figure which includes pa 
tients at nsk for highly varying lengths of lime 
cannot be interpreted If most of the patients had 
been treated quite recently the resultant survival 
rate would be high or if most were treated long 
ago the rate would be low [9] 

2 To average the length of survival at death 
of those who have died up to this moment is 
similarly incorrect This again will give results 
that depend primarily on the length of the 
follow up period If the follow up is one year 
Uien the average survival of those who died can 
not possibly be more than one year With a five 
year follow up the average survival lime of those 
who died will be about two and one half years 
and m any case cannot exceed five years Re 
suits of both these procedures are entirely am 
ficia! and tell us nothing about the nsk of dyme 
wiA cancer or the probability of surviving 19] 

3 Vanous methods which seek to estimate the 
mean survival time or the total time survived bv 
a group of patients are quite likely to be in 


corrccl The distribution of survival times of well 
persons 15 se-y skewed [4 17,18 19]aodaceu 
mulaitng evidence supports the general cxpecia 
lion that survival times of most diseases whetbet 
of long or short duration present skewed disin 
buiions of approximately the log normal form. 
Tor such a distribution the arithmetic mean Is a 
quite atypical value and may be quite misleading 
Tlic median or time at which 50 per cent of 
patients are dead is (he preferred measure for 
summarizing the data as an average cxpectatioa 

Tour methods currently noted m thclilera 
turc for handling the analysis of follow up 
data arc the direct method the actuanal or 
life table method the Berkson Gage adapta 
lion of the actuarial method using an ex 
poncntial formula that takes into account thv 
competing risks of death from other causes 
and the maximum likelihood method denvtd 
from Tisher developed further by Boag and 
I ca and applied by Tivcy in a comprehensive 
survey of leukemia data 

The first two methods are frequently co 
countered The third is becoming more famil 
lar The maximum likelihood method is being 
used m several studies under way at this 
writing 

Certain fundamental minimum requisites 
must be present before any method may be 
reasonably applied [8] 

1 A clear definition of the limits of the 
anatomic site 

2 Specific detail as to the geographic area 
from which the patients are drawn 

3 A precise statement of the actual time 
interval involved 

4 A statement of the total number of 
individuals diagnosed as having cancer of the 
anatomic site in question in the stated interval 
of time by year of entry mto the senes 
whether or not all were treated 

5 A statement of the actual known status 
as to clinical presence or absence of disease 
at annual or more frequent regular time la 
tervals of all individuals m the series so that 
rates may be computed showing freedom from 
disease and survival time 

The statistics committee of the Memonw 
Cancer Center in New York City develope 
a form adopted m essence with some revisions 
by the joint committee of the American 
College of Surgeons the Amencan College 
of Radiology the College of Amencan 
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TABLE 36 1 — End Results 

This senes consists of all the cases of atl patients with (site of cancer) 
both early and advanced admitted to (name of hospital) in the stated 
year 

Total Number of Paltents Admitted 
Indeterminate Group 

Applied after treatment elsewhere no evidence of cancer on admission 
or thereafter 

Consultation only no treatment requested 
Patient refused proffered treatment or palliation 
Dead of other causes without recurrence of cancer 
Lost track of without recurrence of cancer 
Total indeterminate results 

Ddernuiiate Group 

Total number minus those of indeterminate group 

Failure 

Dead as a result of cancer 
Operative death 

Dead of other causes cancer present 
Living with recurrent cancer 

Dead of other causes unknown whether cancer present 
Lost track of with cancer 

Lost track of possibility of recurrent cancer unknown 
Total failures m treatment 

Successful "Results 
Free from cancer 
Net End Results 

Successful results divided by determinate group 

All cases reported as cured base been pathologically proved to have 
had cancer Lack of pathologic proof does not exclude failures 


Pathologists the American Cancer Society 
and the National Cincer Institue [1] It has 
a listing enabling concise accounting for every 
individual with cancer of a given site known 
to the hospital stale registry or physician 
as the case might be in the time interval under 
consideration It was planned as a five year 
reporting form but is more efficiently used 
when each year s admissions are given sep 
arately together with the status at annual 
intervals to the moment of reporting The 
tabic headings are listed and arc self explam 
tor> 

If criteria for clinical staging were stated 
generally accepted and consistently reported 
One senes could be compared with another 
and valid conclusions could be drawn about 
the relative influence of the several factors 
that determine prognosis Committees com 
posed of membership from countries all over 


the world are presently at work on the prob 
lem of staging of breast cancer as the Hey 
mann committee worked out the staging of 
the cervix uteri The frequently expressed 
wish that this be done portends well for its 
universal adoption once it is agreed upon 
The four methods referred to above will be 
discussed in the stated order 

1 The direct method of calculating sur 
vival rates with or without clinical evidence 
of cancer is the usual one encountered and 
has the advantage of being readily understood 
and easily applied It lists the number of 
patients seen the number traced and the 
number alive at each time interval Tlie 
calculation of these rates at yearly rather than 
at five year intervnls was recommended by the 
World Health Organization subcommittee on 
the registration of cases of cancer and their 
statistical presentation and reported by Clem 
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mescn m 1951 [5] On senes that arc small the 
descending survival curve is not alwajs con 
sistenl, but on hrge senes the method ap 
proximatcs the results obtained by more 
elaborate mathematical approaches The Im 
portnnt requisite to the use of this method 
correctly is to have adequate follow up so 
that the proportion of untraced patients is 
small If the untraced arc omitted when rates 
are calculated, it is assumed that their mor 
talily rate is the same as the rate of the traced 
cases 

2 The actuarial method is generally used 
in Great Britain where it was recommended 
b) Dr Percy Stocks Chief Statistician (Modi 
cal) General Register Office 116] From a life 
table the total months are calculated that 
would be lived in a period of observation by 
a group of individuals in the general popula 
tion with the same age sex distribution as the 
group of patients under consideration This 
gives the mean number of months of expected 
life during the stated period by each group 
The mean number of months actually lived 
IS then calculated for each time interval It 
is expressed as a percentage of the normal 
expected for that group making allowances 
for cases followed for less than the stated 
intervals of lime 

An excellent demonstration of the actuarial 
as compared with the direct method of cal 
culating survival rates is given by Berkson 
12] Berkson demonstrates that rates calculated 
by the direct method in a well followed senes 
could be almost the same as those determined 
by the actuarial method although such is not 
always the case The difference arises because 
of the size of the number of untraced patients 
If data consisted of a single group all meni 
bers of which were followed continuously for 
the same period both methods would give 
identical answers For practical knowledge 
of methodology calculating survival rates 
in the actuarial sense Berkson s chapter is 
recommended [2] 

3 In the Berkson Gage [3] adaptation of 
the actuarial method observation that sur 
vival curves followed a relatively uniform 
pattern led them to work out the formula of 
that curve This is the exponential formula 
enabling estimation of the effectiveness of 
cancer therapy from the study of experience 


Reporting I nd nesiilts of Cancer Treatinfiil 

based on a few years rather than on the time 
to death of all patients in the senes 

l,=c/ +(I OO-c) I e-pi 
1 Is P (survival In total population) deter 
mined by the actuarial method 

to is P (survival In a population subject to 
death only from diseases other than cancer), ob- 
tained from a suitable life table 
c is fraction of total population “cured" In 
essence this means the fraction still summ 
after all the deaths due to cancer may be as- 
sumed to have occurred 

Beta IS the Instantaneous cancer death nle 
assumed to be constant 
This mclhod takes fully into account the com 
pcting risks of death from other causes It m 
volves estimation of only two parameters P and 
c This estimation is made rather easily by a 
graphic method 

Berkson and Gage add a further feature which 
makes their metht^ attractive for clnical pre 
eolation They summarize the constants obtajoed 
from their analysis m the form of expectation o 
life of the cancer patient as a per cent of normal 
expectation of a healthy person of same a^e ane 
sex [6] 

4 The maximum likelihood method is an 
efficient way of using all the information 
available m the data Survival curves geo^ 
ally follow a skewed distribution This is be 
cause m many forms of cancer the majontj o 
patients die shortly after onset well before 
their average expectation of survival tune 
and that others live for longer periods of time 
than expected Boag observing this skewed 
distribution dumonstrated that the loganmms 
of survival times are normally distributed 
order to transform these skewed 
curves into a normal distribution, rea y 
analyzed by conventional statistical metho 
the frequencies are plotted against t ^ 
logarithm of survival time and are called e 
log normal distribution . 

This log normal distribution is complete y 
specified by its mean mu and its stan ar 
deviation sigma The proportion cure is 
denoted by c The fundamental problem 
concerned with the simultaneous 
of these three quantities Boag has worke t> 
rather elaborate formulas for estimating m 
sigma and c from the information 
early m the clinical trial rather than a 
time all patients have died to find out 
proportion of patients who died free of 
Lea evolved a simple method of making 
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same basic estimates and the classic papers of 
Tivey demonstrate the method m use in arrtv 
mg at the prognosis for survival in leukemia 

The solution of the basic problem as set 
forth by Hopkins can be approximated by any 
of the four methods described There is a 
possibility that great differences are occurring 
m certain anatomic regions m different mstitu 
tions 

To make all results available by a uniform 


method of reporting and to follow this by an 
analysis of the underlying causes for differ 
ences, would reward with a directive toward 
success the sincere and constant effort of 
every physician treating individuals with 
cancer to improve the prognosis for his 
patients 

A sound experimental design for each m 
vestigation is prerequisite to the definitive 
evaluation of the results of treatment 
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of living be) ond the specified number of years 
If v*c were to start with say 500 patients 
who have just left the hospital alive and to 
observe each member of this group until 
death and to enumerate the individuals who 
survive 5 years those who survive 10 years 
and 15 years then the ratio of these rcspec 
live numbers to the original 500 gives suc- 
cessively an estimate of the 5 year 10 year, 
and 15 year survival rate* after leaving the 
hospital This is the quite simple idea But 
m dealing with the usual sort of data available 
for patients with malignant tumors we do not 
literally begin with such a group and follow 
them all continuously and uniformly until 
death before calculating survival rates and 
with such data as we do have certain relevant 
facts must be attended to m order to calculate 
the rates properly 

The group considered will generally include 
individuals who have undergone operation at 
different times spreading over many years so 
that the different individuals will have been 
observed for different lengths of time At the 
time of investigation some of the group will 
have died and the time of death will be 
known some will be known to be dead but 
the time of death will be unknown others will 
be known to be ahve at the time of mvcstiga 
tion and some will have been lost track of 
and it Will not be known whether they are 
alive or dead Such a body of heterogeneous 
data IS to be assembled for the calculation of 
say the 5 year 10 year and 1 5 year survival 
rates after leaving the hospital 

We shall begin with the 5 year rate and 
wc shall assume that the date of investigation 
IS ns of January 1 1953 We have say in all 
500 patients in our senes who have undergone 
operation and survived the operation Since 
not ail the patients have been followed until 
the lime of death for some arc still living it 
IS not possible to use the entire group of 500 
Some of them have undergone operation in the 
Inst 5 yevts ffrom January \ 1948 thiouah 
December 31 1952) and among these latter 

• The expre slop sur\Ual rate ta \ise<3 in this 
article aa ejtionimous with ‘rrobnblllty of snr 
vCvlng 'Sfmllarlj In whit follows the t rm death 
rate Is ti d loo cly ns sjnonjmous with prob 
ability of dying alUouph ivs iisuilty deflnod there 
l« ft technical diftcreneo between the death rii in 
an IntcFMl and the probability of djinc In the 
Interval. 


are living patients who may or may not be 
destined to survive 5 years We must begin 
vath a group exposed to the risk of survivmg 
5 years which means simply that wc begin 
by excluding the patients who have undergone 
operation more recently than 5 years ago 
Suppose these number 100 then we shall m 
elude the rest of the group — 400 patients who 
underwent operation prior to January 1 1948 
Of these 400 patients we wish to know how 
many survived 5 years after their leaving the 
hospital For those dead with time of death 
known we shall know whether or not they 
have survived for 5 years equally clearly 
those alive at the time of investigation will 
have lived for at least the 5 year period and 
some patients alive when last heard of but 
then lost will have passed the 5 year mark 
But there will be a certain number say 10 
who are known to be dead but the time of 
whose death is unknown and a certain num 
ber say 30 who had been living at last report 
but who had been lost track of less than 5 
years after the time of their leaving the 
hospital As regards the latter two groups we 
do not know whether they did or did not 
live for the 5 year period and the 40 patients 
together constitute a group we call untraced 

Actually therefore because of these 40 
patients wc do not know the number of in 
dividuals out of the original 400 who sur 
vived 5 years and m a literal sense we cannot 
calculate the desired rate directly and simpK 
In order to make an estimate, it is necessary 
to make an assumption regarding the un 
traced group We can (1) assume that they 
all died m less than the 5 year period and 
m that case we shall divide the number dc 
finitely Known to have lived more than 5 years 
by the total 400 or (2) we may assume that 
they all lived beyond the 5 )esrs or (3) wc 
may leave the untraced group out of the 
calculations and divide the number known to 
have lived for 5 )cars by the total number 
exposed minus the number untraced In the 
present case these number 400-40 = 360 * 
This last procedure is mathematically equi 
valent to making the assumption that the 

There are still other pos Ibllltici of rouTBC we 
cm Mse some theory regarding the prohabtUtlei of 
becwnlng Ufitractil ond elaborate an estimate con 
sUtent with the theory ndopted This prescntitljn 
dots not deal with such deitlopment 
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survival rate for the “untraced group what 
ever the rate is is equal to that for the traced 
group It IS the least arbitrary of the three 
assumptions and in our own calculations it is 
this method that is used, that is, we omit the 
untraced group in making the calculation of 
the rate Obviously there is a hazard in mak 
mg any assumption, and the final calculated 
rate is subject to whatever error is implicit m 
the assumption made regarding the untraced 
group Clearly it is desirable to reduce this 
uncertainty by reducing the number of ‘un 
traced patients It is for this reason that in 
our studies we have made exhaustive efforts 
to trace all our patients and we have been 
successful generally for our larger senes in 
tracing more than 99 per cent for the requi 
site numbers of years 
Now for the calculation of the 10 year rate 
Previously we dealt with the group of 400 
patients who had undergone operation prior 
to January 1 1948 The 10 year rate is not 
determined by merely dividing into this total 
or even into the previously determined traced 
total the number who survived 10 \ears We 
must first obtain the number exposed to risk 
of surviving for 10 jears Of the group of 
patients who underwent operation prior to 
January 1 1948 previously used the patients 
who underwent operation in the period 
January 1 1943 through December 31 1947 
though they were exposed for 5 years have 
not been exposed for 10 years This subgroup 
must first be excluded and we take up there 
fore the group who underwent operation 
prior to January 1 1943 It might appear 
superfluous to stress this point but surprising 
as It may seem one of the errors most fre 
quently encountered is just this failure to 
select the proper exposed to risk group for 
each particular rate to be calculated And it is 
not so difficult to slip into this error An 
author begins by considering his entire ex 
penence of patients who have undergone 
operation to date He reports certain general 
statistical facts about this entire expcnencc 
such as the hospital mortality rate the age 
and sex distribution pathology and so forth 
He comes to the point of calculating survivals 
and carefully counts the number recorded as 
having lived past the 5 year 10 year and 15 
year mark It seems natural to express these 
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percentagewise, by dividing the several num 
bers of survivals by the total number in the 
group he has been dealing with Instead of 
course he should determine an appropriate 
new total for each survival calculation The 
effect of dividing by the grand total is to 
underestimate sometimes grossly the true 
survival rates With the proper total group 
selected the calculation of the 10 year rate 
follows simply, m the same manner as for the 
5 year rate, and so for the 15 year rate or 
other interval rate to be calculated In present 
mg the results it is essential that for each 
calculated rate the three essential numbers 
involved be given the number m the total 
group, the number in the traced group and the 
number that have survived Table 37 I is an 


TABLE 37 I — Exampie of Table for Presen 
tation of Survival Rates Calculated 
BY THE Direct Method 


/ 

2 

3 

4 

5 


Patients 

Jiird beyond 
indicated period 

Pertod 

years 

Total 

Traced 

Number 

Surxnalrate 
per cent* 

5 

379 

376 

286 

76 1 

10 

286 

283 

165 

58 3 

IS 

164 

160 

75 

46 9 


P*r cent ot traced paOents Inanlr/ as of Jan 
uary 1 1853 The 6 year group comprises paUe"” 
who underwent operation S or more years prior to 
the time of Inquiry that Is 19 n or earlier the 
10 ye ir group includes those patients who uao®‘ 
went operation in 1942 or earlier and bo fonn 
Hospital mortality Is excluded In the calculation oi 
the survival rates 


example of how this may be done and the 
mformation given in the footnote of that table 
IS essential 

If the standard error of the survival rate 
computed by the direct method is wanted the 
following formula may be used 



where o {p) is the required standard error p 
IS the survival rale calculated a p=i~P 
complement the death rate and N is the num 
ber traced on which the calculated rate is 


It will possibly be useful to append some 
advice regarding the clerical management ot 
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the data to obtain the needed figures In this group 2 into two groups on the item mter- 

Section suice we have the necessary machtn laf (A) those marked 5 or more (B) those 


ery we generally utilize punch cards sorted 
mechanicall) However, this is not necessary 
Frequently when the numbers involved are 
moderate we do not use punch cards but 
we always use cards It is possible to get the 
several requisite figures by listing the appropri 
ate categories on a sheet entering a check for 
each case in the appropriate category and 
counting the check marks For a large num 
ber of cases this becomes very confusing and 
if the tables do not balance, location of the 
source of error is practically impossible with 
out repetition of the entire work Instead we 
suggest the following method For each case a 
card is made {3x5 inch card or any other 
paper unit) In addition to identification and 
such other information as may be required for 
the general analysis the following data are 
entered for purposes of calculating the sur 
vivalrate (1) date of operation (2) whether 
living at last report [f] or dead at last report 
[d] (3) date of last report (4) interval from 
operation to last report in completed years 
Sample 

Date of operation Februar) U 1943 
Last report / Interval 6 

Date January 16 1950 

Note that the interval is entered as completed 
jears 6 although the actual interval is 6 years 
1 1 months 5 days the entered figure 6 is a 
code meaning 6 years or more less than 7 
jears 

With a card bearing these three data com 
pleted for each case proceed as outlined in 
Figure 37 1 

1 Examine the date of operation exclude 
all cards indicating that the operation was 
performed more rcccntlj than 5 )cars prior 
to the date of investigation In the situation 
being considered this means any ease m 
which opcrition was performed in 1948 or 
later 

2 Count the number of cards in the re 
miming group that is those operated on m 
1947 or earlier this is the number of patients 
who arc eligible for the 5 jtar calculation to 
be entered in Column 2 of Table 37 1 

3 Now subdivide the cards of the previous 


marked 4 or less Count those in group (A) 
this IS the number of patients who lived 5 
or more years after operation, to be entered 
m Column 4 

4 Take up the cards in group (B) which 
are the cases with interval 4 years or less 
and separate them into two groups on the 
Item last report , (a) dead (b) living By 
counting the cards marked dead (a) and 
adding this number to the number recorded 
in Column 4 of Table 37 1 (lived more than 
5 years) we obtain the number traced 5 or 
more years, to be entered in Column 3 

5 We hav e now obtained all the data neces 
sary for the calculation of the survival rate 



this rate being entered m Column 5 

6 Finally by counting the cards m group 
(b) marked last report living which are 
the UDtraced cases and adding this to the 
number of traced cases appearing in Column 
3 wc obtain a check of the total cases counted 
earlier appearing m Column 1 

CALCULATION BY THE ACTUARIAL 
METHOD 

The direct method just outlined for calculat 
mg the survival rate is a reasonably satis 
factory one and m most instances m which 
a calculation is to be made as part of a study 
in which the presentation of the survival 
rate is not the main consideration it is the 
method that wc advise physicians and surgeons 
to use m publication intended for medical 
readers Technically however it is not the 
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survival rate for the untraced group what 
ever the rate is is equal to that for the traced 
group It IS the least arbitrary of the three 
assumptions and in our own calculations it is 
this method that is used, that is, Ue omit the 
untraced group in making the calculation of 
the rate Obviously there is a hazard in mak 
mg any assumption and the final calculated 
rate is. subject to whatever error is implicit m 
the assumption made regarding the untraced 
group Clearly it is desirable to reduce this 
uncertainty by reducing the number of * un 
tra<^d patients It is for this reason that m 
our Studies we have made exhaustive efforts 
to trace all our patients and wc have been 
successful generally for our larger senes in 
tracing more than 99 per cent for the requi 
site numbers of years 
Now for the calculation of the 10 year rale 
Previously we dealt with the group of 400 
patients who had undergone operation prior 
to January 1 1948 The 10 year rate is not 
determined by merely dividing into this total 
or even into the previously determined traced 
total the number who survived 10 years We 
must first obtain the number exposed to risk 
of surviving for 10 years Of the group of 
patients who underwent operation prior to 
January 1 194b previously used the patients 
who underwent operation in the period 
January 1 1943 through December 31 1947 
though they were exposed for 5 years have 
not been exposed for 10 years This subgroup 
must first be excluded and we tike up there 
fore the group who underwent operation 
prior to January 1 1943 It might appear 
superfluous to stress this point but surprising 
as it may seem one of the errors most fre 
quently encountered is just this failure to 
select the proper exposed to risk group for 
each particular rate to be calculated And it is 
not so difficult to slip into this error An 
author begins by considering his entire ex 
penence of patients who have undergone 
operation to date He reports certain general 
statisucal facts about this entire experience 
such as the hospital mortality rate the age 
and sex distribution pathology and so forth 
He comes to the point of calculating survivals 
and carefully counts the number recorded as 
having lived past the 5 year 10 year and 15 
year mark It seems natural to express these 


percentagewise by dividing the several nom 
bers of survivals by the total number m the 
group he has been dealing with Instead of 
course he should determine an appropriate 
new total for each survival calculation The 
effect of dividing by the grand total is to 
underestimate sometimes grossly the true 
survival rates With the proper total group 
selected the calculation of the 10 year rate 
follows simply, m the same manner as for the 
5 year rale and so for the 15 year rate or 
other interval rate to be calculated In present 
mg Ihe results it is essential that for each 
calculated rate, the three essential numbers 
involved be given the number m the total 
group the number JO the traced group and the 
number that have survived Table 37 1 is an 


TABLE 37 1 — Example of Table for Preses 
TATiON or Survival Rates Calcuuteo 

BY THE DIRECT METHOD 


1 

2 

3 

4 

5 


Patients 

Lt\ed beyond 
indicated period 

Period 

years 

Total 

Traced 

Siir^nalrate 
Number per cent* 

S 

379 

376 

286 

761 

10 

286 

283 

165 

58 3 

15 

164 

160 

IS 

46 9 


Per cent of traced patients Inquiry as of Jan 

nary 1 19«3 The 6 > ear eroup comprises patienw 

who underwent operation S or more years J 
the time of inquiry that Is 194T or earlier the 
10 year group Includes those patient who J" 
went operaUon in 194* or earlier and so 50“*' 
Hospital mortality is excluded in the calculation ot 
the survival rates 


example of how this ma> be done and the 
information given in the footnote of that table 
IS essential 

If the standard error of the survival rate 
computed by the direct method, is wanted the 
following formula may be used 

where a {p) is the required standard error, p 
IS the survival rate calculated cr P=l-P 
complement the death rate and N is the num 
ber traced on which the calculated rate is 
based , 

It will possibly be useful to append some 
advice regarding the clerical management of 
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the data to obtain the needed figures In this 
Section since we have the necessary machin 
ery we generally utilize punch cards sorted 
mechanically However this is not necessary 
Frequently when the numbers involved are 
moderate we do not use punch cards but 
we always use cards It is possible to get the 
several requisite figures by listing the appropri 
ate categories on a sheet entering a check for 
each case m the appropriate category and 
counting the check marks For a large num 
ber of cases this becomes very confusing and 
if the tables do not balance location of the 
source of error is practically impossible with 
out repetition of the entire work Instead we 
suggest the following method For each case a 
card IS made (3x5 inch card or any other 
paper unit) In addition to identification and 
such other information as may be required for 
the general analysis the following data are 
entered for purposes of calculating the sur 
vivalrate (1) date of operation (2) whether 
living at last report (/] or dead at last report 
td] (3) date of last report (4) interval from 
operation to last report in completed years 
Example 

Date of operation February 11 1943 
Last report I Interval 6 

Date January 16 1950 

Note that the interval is entered as completed 
)cars 6 although the actual interval is 6 )ears 
11 months 5 da}s the entered figure 6 is a 
code meaning 6 years or more less than 7 
years 

With a card bearing these three data com 
plctcd for each case proceed as outlined in 
Figure 37 1 

1 Examine the dale of operation exclude 
all cards indicating that the operation was 
performed more recently than 5 years prior 
to the date of investigation In the situation 
being considered this means any case in 
which operation was performed m 1948 or 
later 

2 Count the number of cards in the re 
nnining group that is those operated on lo 
1947 or earlier this is the number of patients 
who arc eligible for the 5 year calculation lo 
be entered in Column 2 of Tabic 37 I 

3 Now subdivide the cards of the previous 


group 2 into two groups on the item inter 
\al (A) those marked 5 or more (B) those 
marked 4 or less Count those m group (A), 
this IS the number of patients who lived 5 
or more years after operation to be entered 
in Column 4 

4 Take up the cards in group (B) which 
are the cases with interval 4 years or less 
and separate them into two groups on the 
Item last report (a) dead (b) living By 
counting the cards marked dead (a) and 
adding this number lo the number recorded 
m Column 4 of Table 37 1 (lived more than 
5 years) we obtain the number traced 5 or 
more years to be entered in Column 3 

5 We have now obtained all the data neces 
sary for the calculation of the survival rate, 



Fig 371 Diagram of ilepi token in ealeutalion of 
the 5 year tumvol rate by the direct method 


this rale being entered in Column 5 

6 Finally by counting the cards in group 
<b) marked last report living which arc 
the untraced cases and adding this to the 
number of traced cases appearing in Column 
3 we obtain a check of the total cases counted 
earlier appearing in Column 1 

CALCULATION BY THE ACTUARIAL 
METHOD 

The direct method just outlined for calculat 
ing the survival rate is a reasonably satis 
factory one and m most instances in which 
a calculation is to be made as part of a study 
in which the presentation of the survival 
rate is not the mam consideration it is the 
method that we advise physicians and surgeons 
to use in publication intended for medical 
readers Technically however it is not the 
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best method available For a large number of 
cases the direct method and the actuarial 
method presently to be described will give 
practically the same answer but for a small 
number of cases the direct method will givu 
an estimate that is subject to a larger standard 
error than that given by the actuarial method 
It may even give inconsistent results such 
as the calculated 10 year survival rate appear 
ing higher than the 5 year ratel In addition to 
the advantage of giving a statistically better 
estimate the actuanal method is for some 
situations arithmetically easier If what is to 
be calculated is only the 5 year rate or per 
haps the 5 year 10 year and 15 year rates, 
the direct method is probably easier than the 
actuarial method but when what one wishes 
IS the survival curve — that is the successive 
rates for 1 2 3 years and so forth consecu 
tively then the successive calculation of each 
yearly rate bv the direct method becomes very 
laborious and the actuarial method is dis 
tinctly to be preferred Therefore in technical 
calculations from the Section of Statistics or 
where the survival curve is a central part of 
the study reported we advise the use of the 
actuarial method 

To present the actuarial method we begin 
by considering the complement of the survival 
rate or probability of surviving namely the 
probability of dying that is the death rate 

If beginning with an original group of 
say 100 patients who have left the hospital 
alive 25 die in the course of the first year 
following we say that the estimate of the 
probability of dying m the year following the 
origin IS 0 25 symbolized qg This would 
leave 75 alive at the beginning of the second 
year and if out of these 30 per cent died 
during the ensuing year we say that the 
probability having survived to the end of the 
first year of djmg in the next year (12) is 
0 30 symbolized Similarly the probability 
having survived to the end of the second year 
of dying in the next year (2 3) is say 024 
and in the same way the probabilities of dying 
within the other successive years are symbol 
ued f ?3 <74 q and so forth If we wish to 
have say the 3 year survival rate we may 
begin with a hypothetical 1 000 multiply by 
qg and obtain 250 as the number having died 
m the first year Subtracting this from 1 000 
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leaves 750 alive at the end of the first year 
Multiplying 750 by qi gives 225 as having 
died in the second )ear, and subtracting these 
from 750 gives 525 left at the end of the 
second year Multiplying 525 by q gives 126 
as having died in the third year and subtract 
mg from 525 gives 399 left at the end of the 
third year This last number, m ratio to the 
original 1,000 gives 0 399 or 39 9 per cent 
as the 3jear survival rate after leaving the 
hospital If the data consisted actually of an 
original group continuously and uniformly 
followed as just outlined we could have noted 
that 399 patients had survived to the end of 
the third year and by division obtained the 
3 year survival rate directly without the inter 
mediate successive multiplication by the qs 
and subtractions The two methods would 
have given identical answers and there would 
be no need to speak of two methods But as 
we have noted actual data do not refer to a 
single group all members of which have been 
continuously followed and for the same penod 
of time from this fact arises a difference in 
the results according as the survival rate is 
calculated by the direct method outlined in 
the previous section or by the actuarial 
method 

The actuarial method consists as was just 
explained m the successive applicauon to a 
hypothetical original number, of the prob 
abilities of dying qg Qi q qz and so 
we need to determine from our data what are 
the values of these probabilities We can do 
this conveniently by assembling the data m a 
methodical way This is shown in Table 37 2 
which we shall follow 

The first column designates the interval in 
years from the origin which here is the tune 
of leaving the hospital Columns 2 and 3 give 
the number of persons for whom the penod 
between leavmg the hospital and the last re 
port corresponds to the designated interval 
Column 2 giving the number dead and 
Column 3 the number living Column 4 gives 
the number of persons who were observed 
living at the beginning of the interval The rest 
of the columns are completed by calculation 
from the numbers in Columns 2 3 and 4 

We assume that a card has been made out 
for each case and that on it is (1) the last 
report (living /, or dead d) and (2) the 
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TABLE 37 2 —Calculation of Survival Rates by nir Actuarial Method 


1 

2 

3 

4 

5 

6 

7 

Interval 
follovving 
hospital 
dismissal _ 
years 

Last report 

Dead Living 

Total persons 
living at 
beginning of 
interval 

Persons 

adjusted 

Probability 
of dying 
in interval 

^i/rvocf 

rate 

per cent 

0 1 



728 

728 0 

0 2527 

100 

1 2 

156 

13 

544 

531 S 

0 2902 

74 7 

23 

89 

8 

375 

3710 

0 2399 

53 0 

3 4 

36 

4 

278 

276 0 

0 1304 

40 3 

4 5 


4 

238 

236 0 

0 1314 

35 1 

5 6 

16 

9 

203 

198 5 

0 0806 

30 5 

67 

8 

3 

178 

176 5 

0 0453 

28 0 

78 


13 

167 

1605 

0 0436 

26 7 

8 9 

6 

5 

147 

1445 

0 0415 

25 6 

9 10 

7 

8 

136 

132 0 

0 0530 

24 5 

10+ 

52 

69 

121 

— 

— 

23 2 


interval m completed years from operation to 
last report These two data are all that will be 
needed 

A Divide the total group of cards into two 
subgroups (1) dead at last report (<f) (2) 
living at last report (1) 

B Sort each of the two subgroups m order 
of length of mtenni 0 I 2 and so forth 
C Completion of Column 2 Take up the 
group A (1) dead last report Count the cards 
inaiked 0 in the mienfll (all cases m which 
last report is less than a complete year from 
Origin should have been marked 0) enter the 
number (184) m Column 2 opposite the 
interval 0 1 Count the cards marked 1 in the 
inter\a! enter the number (156) opposite 
interval 1 2 count the number of cards 
marked 2 and enter this number (89) op 
posite 2 3 and so forth for completion of 
column 2 

D Completion of Column 3 This is done 
exactly as for Column 2 except that the group 
of cirds A (2) living last report is used 
C Completion of Column 4 This column 
gives the number of persons liMng at the 
beginning of ihc interval The required num 
bcTS can most c isils be obtained b) cumuli 
tive summation of Columns 2 and 3 beginning 
at the bottom \\c add 52 + 69-121 121+7 
+ 8=136 I36-‘-6-rS=!47 and so forth until 
ViC hiNc filled all the intervals including the 
first for which the number is 728 The cumu 
lation gives the required numbers beciiisc the 


number living at the beginning of any interval 
must be the sum of all those reported living 
or dead in that interval or later One can also 
think of the experience as having begun with 
728 persons 184 died m the interval 0 1 year 
after operation leaving 544 living at the 
beginning of the 1 2 interval Of these 544 
156 persons died and 13 left the experience 
living m the 1 2 year interval leaving 375 
living at the beginning of the 2 3 year interval 
after operation and so forth 

F Completion of Column 5 At the begin 
nmg of the interval 0 1 there were 728 per 
sons living and of these 184 died in the 
interval so the probability of death in this 
184 

interval is estimated as <7o=- ^^ - -=0 2527 At 

the beginning of the interval 1 2 years there 
were 544 persons living of whom 156 were 
observed to have died in the interval However 


, 156 

wc cannot correctly estimate <7^ as g,= 

544 


because an adjustment has to be made m the 
denominator 544 for the 13 persons last 
observed hving in the interval This adjustment 
is made by subtracting from the persons 
observed living at the beginning of the interval 
given in Column 4 (544) half the number 
given In Column 3 (6 5) to give the net 
number of persons adjusted entered m 
Column 5 
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The theoretical basis for this correction has 
been elaborated by Dr Lila Elveback in an 
unpublished manuscript, following a develop 
ment by one of the present writers (Berkson) 
that can be briefly outlined as follows The 
maximum likelihood estimate for the prob 
ability of death in the interval is given by 


D 


1 

N- - 
1=1 


l~qti 


where D is the number 


of deaths observed in the interval, N the 
number of individuals observed living at the 
beginning of the interval /, the time last ob 
served living of the Uh individual among L 
hst observed living in the interval the sum 
mation being taken over the L individuals If 
as an approximation ti is taken as Vi for all L 


individuals, the estimate becomes q~- 


2-<7 


and with small q this can be further approx 
D 

imated as q= ■£ which is the formula used 

iv-j 
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uals will die in the interval leaving 74 73 
living at the beginning of interval 1 2 Of the 
74 13 the fraction 29 01 or 21 69 individuals 
Will die during the interval 1 2 leaving 53 04, 
out of the original 100, living at the beginning 
of the 2 3 interval this being the 2 year sur 
vival rate In this way by successive applies 
tion of the determined values of q that have 
been entered in Column 6 the survival rates 
for the successive years are determined and 
entered m Column 7 



fig 37 2 Peretniog# of potienti who offer hoving 
vnd*rgon* eptrolion for eoncer »wmv»d for vorieui 
poriodt offer leaving the hotpilol The»e pereentagej 
ore compared with the similar pereentegee of ii/rvi'wl 
of normal perioni of the lome beginning oge ai the 
cancer potienli 


here It should be noted that this formulation 
is different from the life year formula used 
by actuaries [71 

G Completion of Column 6 We are now 
able to calculate the probability of dying in 
the interval There were 184 deaths m the 
interval 0 \ (Column 2) and 728 persons ad 
justed (Column 5) therefore go= 184/728— 
0 2527 entered in Column 6 similarly gi= 
156/537 5=0 2902 In this manner the prob 
abilities of death in the successive intervals 
are calculated by dividing the number lo 
Column 2 by that m Column 5 for completion 
of Column 6 for all the intervals 

H Completion of Column 7 We now begin 
m Column 7 with a hypothetical 100 persons * 
Of these a fraction 0 2527 or 25 27 indmd 

One hundred because we are to express the 
rate in per cent we could pegin wtth I 000 and 
express the rates as per thousand or similarly 
per 100 000 All these are different erprecslons for 
the same rate The number we start with Is sym 
bolized J and the numbers surviving out of this 
original number at the successive years are sinn 
bolized p p 13 and go forth 


These survival rates which give the prob 
ability of surviving for specified numbers of 
years after leaving the hospital may be rep 
resented as a survival curve together with 
» survival curve representing a group of the 
same beginning age as the cancer group the 
rates for which are obtainable from rates pub 
lished by the National Office of Vital Static 
tics as illustrated in Figure 37 2 

If a standard error is wanted for the sur 
vival rate when it is calculated by the actuariJ 
method the following formula (due to Green 
wood) may be used 



where o(p) is the required standard error p 
IS the survival rate calculated ffo is the num 
ber hvmg at the beginning of the 0-1 year 
interval after operation and Pq=1^9o 
respectively the death rate and the proper 
lion surviving among the Pq iii 4'i» Pi 
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the similar quantities for the interval 1-2 
jcars after operation and so forth The sum 
under the square root is continued for the 
intervals up to the 5 10 or whatever }ear p 
the survival rate represents 

SOME SPECIAL QUESTIONS 
Survival Rale for Total Group Diagnosed 
^\c frequently encounter the querj What 
IS the percentage (of 5 year survivors] for the 
entire group of patients [with the cancer m 
question] as they came to the physician rather 
than for the group of patients who underwent 
operation? As far as basic principle is con 
cerned the survival rate for the total group 
diagnosed can be obtained in exactly the same 
waj as was outlined for the group who under 
went operation mcrcl) b> beginning with the 
total group of patients diagnosed instead of 
the surgical group In practice this is not the 
ease because of the marked difference m the 
constitution of the groups If we arc asked 
to designate the patients who underwent op 
oration for sa) gastric carcinoma there is 
little ambiguit) we have at least a surgical 
diagnosis and very frequently a specimen diag 
nosis But the relevant definition of the total 
group with the diagnosis including those who 
did not undergo operation is not so clear 
There arc patients who had alrcadv undergone 
operation previously others who had a diag 
nosis who do not undergo operation but will 
undergo operation later those, whose diicnosis 
IS not absolutely unequivocal say as between 
gastric ulcer and a malignant lesion and of 
course we must always assume that there are 
some cases that have not been correctly diag 
nosed There is nlso quite a different probkm 
as respects follow up tricinc for this croup 
It does not seem wise to mix m the same 
Calculation a group so hetero encous m respect 
fo detiniiion and a well defined group Aciii 
allv amonc the nonopersiivc eases the onlv 
well defined du^noMie group is the one m 
which the dnenoMs reids to the effect “cas 
trie eancer inopcnhle Now for this specific 
group the ^ vear survival rate is presiimaMv 
rero It mav he verv worth while as a special 
investiration to trace a representative number 
of sij h patients m order to cheek the saltdilv 
of this assumption hut in general caletilations 


It seems better to assume that their survival 
rate is practically zero and to estimate the 
5 year rate by compounding this probability 
weighted by the determined surgical rate 
rather than to begin literally with a total diag 
nosed group and attempt to trace them The 
calculation of the 5 year rate for the entire 
diagnostic group is then made as follows 

Assume we start with a hypothetical group 
of 100 patients with the diagnosis in question 
By an independent statistical analysis of the 
experience w-ith patients having this diagnosis 
determine the surgical rate that is the per 
centage of patients with the diagnosis who 
undergo operation Suppose this is 85 per cent 
Similarly by a review of patients who undergo 
operation we determine the hospital mortality 
rate ’ that is the percentage of patients undvr 
going operation who die following operation 
before leaving the hospital Say this is 5 per 
cent, then 95 per cent is the hospital sunival 
rate The 5 year survival rate for persons op 
crated on is calculated m the manner described 
in detail previously say it is 60 per cent Then 
the 5 year rate for the beginning group is 
estimated as /?4®0 85X0 95x0 60*48 5 per 
cent 

Ad|uslment of Rote for Age of Patients 

In the field of vital statistics survivorship 
curves arc calculated as from birth for sue 
ccssivc years after birth that is age and the 
successive values of q the probabilities of 
dying m the mltrvals specified are age spv 
cific probabilities [5] \\hcrcas in the present 
problem we calculate the specific death rate 
for sav the third vear following the patients 
leaving the hospital in the general life table 
wt calculate the specific death rale for the 
third year of life In the general life table agt 
IS the all important factor In the 5 year rale 
for cancer we consider vears after operation 
(opcralivt ace so to speak) but the calendar 
ace has not been used This is because the 
pnmarv consideration is the iimt of operation 
not the time of birth that alTtcts the morlaljiv 
rate 

But n IS desirable if possible also to take 
into account in some wa\ the age of the pa 
ticnis for It micht be argued that n n in 
correct to compare the survival rate of one 
group of patients who are Voung wjih iJia! of 
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TABLE 37 3 — Carcinoma of tub Stomach Cases of Resectiov 
5 Year Survivals According to Ace 


Age 

years 

Patients 

Lived 5 or more years 
after lea\ing hospital 

Siirxhal rate 
adjusted for 
normal death 
rate 

Total 

Traced 

Number 

Sur\i\al 

rate 

per cent* 

Less 






than 40 

206 

203 

61 

300 

30 9 

40 49 

672 

666 

203 

30 5 

322 

50 59 

I 118 

1 no 

342 

30 8 

34 3 

60 69 

976 

971 

300 

309 

39 1 

70+ 

240 

239 

70 

29 3 

50 2 

Total 

3 212 

3 189 

976 

30 6 

34 4 


Per cent of traced pvtlenta lnquir> as of January 1 19 3 The 5 year group comprises patients ■who 
underwent operation 6 or more years prior to the time of Inoulry thit Is 1047 or earlier the 10 year group 
Includes those patients who underwent operation In 1042 or earlier and so forth Hospital mortality is 
excluded in the calculation of the surrttal rotes 


Average Duration of Life 
The Jiiruvn/ rate expressed as the per cent 
living after a specified period is less familiar as 
a measure of length of life than the aierage 
duration or expectancy of life measured in 
years It is appropriate to append a few re 
marks with respect to the calculation of this 
measure m the situation here considered If 
we had a survival curve calculated that traced 
the percentage surviving for the entire period 
of life of the group concerned this curve 
W'ould begin with 100 per cent at the time of 
Origin and proceed showing with the passing 
years the decreasing percentage remaining at 
vanous time periods afterward till there was 
none left and the per cent surviving would be 
zero To obtain such a curve at least a repre 
sentative number of the individuals need to 
have been traced for a sufficiently Jong period 
to the point where the death rate at the end 
of their traced period is 100 per cent With 
such a curve established we can calculate the 
average duration by what amounts to the usual 
procedure of striking an average The area 
under the curve is the total person years lived 
and this divided by the number we started 
with 1 00 in the present case gives the average 
duration of life In terms of a formula if Iq— 
100 IS the number we start with and li l_ 
and so forth are the numbers surviving at the 
successive years thereafter to the last sur 
vivors {that is those surviving at the beginning 


of the last year after which none is left) then 
the average duration or expectancy is given 

u .u , , 50 + li+l +^3+ +lr 

by the formula 6= 

It IS essential that the survival curve be 
traced to its end point of zero survivors if this 
calculation is to be earned out If we have 
traced the curve for only say 15 years and 
at that point the percentage survival rate is 
45 per cent then manifestly we cannot cal 
culate the average expectancy for we do not 
know what the curve will be like after the l5 
year period It is seldom that the survival curve 
IS traceable to the point of zero survivors and 
although we have persevered m some of our 
own senes for a length of survival to 25 years 
after operation we have yet to calculate our 
first average expectancy Actually we have 
outlined the method of calculating this aver 
age in order to point out its difficulty rathi.r 
than because of its practical use as a measure 
of mortality in a cancerous group 

One of the most flagrant faux pas commit 
ted m the medical literature dealing with dura 
tion of life for defined medical conditions is 
the calculation and presentation of the aver 
age duration of life this figure calculated from 
the records of only those patients for whom 
there is a report of death with the time of 
death recorded The argument seems to be 
We are trying to find the average duration of 
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1 we do ro Lnow how kng a p.’V'n ha^. 
In-ed until be hoi d ed Since wx \M^h to le- 
pon oa!' whai we know we mubi d^al with 
oal% tho^ reeard^c whom iht tim«. of dtath 
IS asailab’e" So far as reporting the facts re* 
prdrns these specific patents is concerned 
the arsniment is msmlntrable But the imp'ivi 
tioa IS alwas-s that the gi\«.n figure is Txpre- 
sentaiise of the duration of life of the entire 
disease beanng group considered Otherwise 
It IS meaningless b^o one wants to know ’he 
duration for jUst some specified individuds 
Now It ought to be clear that if wc fike up it 
an\ particular time onls those pntients nlrcnih 
dead we are dealing with a selected group 
spccificalh for shortness of life If wc are 
making an investigation of patients who under 
went operation saj 5 )cars prior to mvestigi 
tion It is patent that no patient dead can have 
lived for more than 5 jears and the calculated 
average for such patients »iMir be less than ^ 
jears The longer the time elapses to mvesli 
gallon the loncer will appear the length of 
life’ 

The median length of life is another sort of 
average that docs not have the difilcult) of 
calculation mentioned for the mean duraiioii 
of life that is it docs not require (racinc the 
survival curve to its ultimate zero level and 
It IS frequently though not always possible to 
estimate for available data The median durn 
lion is the length of time required for 50 per 
cent of the individuals to have died It is deter 
mined from the graph of the survival curve 
by noting the place on the time scale corre 
spending to where the curve crosses the 50 
per cent level The median years of siirvivjil 
estimated this way arc shown in Tigiirc 17 2 
Another erroneous calculation sometimes 
seen issued from the most respect iblc of s!n 


liNti al quarterN w the ciUuUtion v>l wumwI 
rates lor trvatcvl patuuN evtimatcvl as ttoiu 
m c of t awr or t^«* i^ntMw of Irv'm 

lime of treatnunl llu linw ol ounvI is vMi 
mited Irom the pituntv txwU(S.tion and is 
IrcquentU unrxhablc but iIun is not iIk 
present fa'int SuppeWe the time Ot V'nset Wel\ 
Kxuritelv ami piveiveh known for e\eh ol 
the treilcil eiNes U We eanisuUr, s\\, the pi 
tients wluase I'nset w is I Near befotx lt\ it 
ment then ill llu'ee who nm.ht have hid ti\ it 
nienl a \e ir liter oneet hut who died hefoie 
this time ire not in ttie reeOuK — onh the 
survivors ire Sumlirlv pitieiils whose onset 
w IS 2 aeirs betore operitlon whl hue no 
dv itlis reeorded in tlie 2 \e irs utter onset tind 
so forth In short the morded ite ith lute of 
ft grenip hvpothelie illv followed fioin onset 
for eieh wir followim, onset Is /ero tinlll 
treitmenl hecinise the pilknis who illul he 
fore the time of treitmenl uie not ill !i iml to 
he recorded lo ol>tiiln stirs Ivu! rules ft out 
onset one woiiUl need to deiil with tin etillic 
commimit) s e meir records reliospiellvel), in 
n siiuillon where one hud the dale of onset 
tind conid W siiu lo ohiuln ul) teeotds ol 
dentil from the enneer // ni liii\r oid\ ti 
ieroH/r of pailinl^ who /umc hen Irttifed, iiir 
\l\td raid ttuiiioi h (idiiihltd n trorpri ll\rl\ 
or /m/»i tin itinr of oiiul kuivlviil iiitis eiin 
tie enteulnlcil only from time of IreiiltmnI or 
some MihsequenI point However the iiifoi 
ninlioii rc;iirdln{ time of onset Ihul Is uvnll 
tihlc in the rieords enn nscfiilly In | Ivi ii si pu 
rntcly in tlic foriii of stnlUiks re| urilliip diini 
ikmof (he disiiisc Ihiis oni mlj lit upoil tliul 
the 5 ytiir siirviviil rule wiis hi pir tent iiinl 
that Itic iiveriqc diirnllon of tlx illsrnsi pilor 
to ircitfiicnl WIIS 1 (> yciiis 
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Chaoul X ray tube 282 283 287 
Chemotherapy of bronchogenic carcinoma 550 
551 

in cancer 540 553 554 555 559 561 
With alkylating agents 540 542 544 545 
548 549 551 555 
With antimetabolitcs 542 546 547 555 
clinical application of 543 552 
With hormones Sue Hormon il therapy 
quackery aspects of 553 
With urethane 343 548 555 
of Hodgkin s disease 544 545 555 
of leukemia acute 538 546 547 555 
chronic lymphatic 548 555 
chronic myeloid 523 547 548 555 
of Ijmphosarcoma 544 543 555 
of melanoma SSI 

of multiple myeloma 543 548 555 
ofpoljicythemia 555 
of retinoblastoma 548 549 
of serous cavity cfTiisions 551 
Chloride deficiency of 148 
excess of 148 

exeretJoa of during oper ition MS |60 
Cholangioma of liver 266 
Chondrosarcoma radiosensitivity of 257 262 
Clamps for vascular occlusion 201 208 227 229 
Classification of cytologic smears 97 98 
of tumors by tissue culture 124 139 
Clinic (tumor) conduct of 30 36 
co-ordination of wuh cancer orgamrations 
27 36 

With other hospital departments 27 
walh social agencies 30 35 36 
equipment for, 33 
examination of patients m 3133 

follow Up of patients by 35 
minimum requirements for 26 
organization of 22 36 
record system of 33 35 
obali radioactive See Radioactive cobalt 
of ateral circulation after gradual arterial occlu 
Sion 200 201 

after gradual venous occlusion 224 
a ter interruption of abdominal aorta 213 
of Carotid artery (common internal) 205 

of femoral artery common 222 223 
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Collatenl circul ition after interruption (Conul ) 
of hepatic artery 217 

of iliac artery (common internal external) 
220 

of major arteries 200 202 

and ischemia 196 200 201 202 203 204 
of major veins 223 224 225 
of mesenteric arttnes 215 217 
of popliteal artery 222 223 
ofsubclavim axillary and brachial arlcfics 
211 

Colloid balance 149 150 
Colon adenoma of 128 129 
biopsy of 88 

carcinoma of nursing care in 564 
radiosensitivity of 265 266 
scirrhous 266 

cytologic examination of 117 118 120 121 
polyps of 6 88 120 265 
resection of importance of arterial pittcrn in 
216 

Colostomy (wet) care of 568 
Connective tissue hormonal treatment of neo 
plasn of 538 539 
radiation reactions in 255 
Convergent moving field irradiation 339 340 
Cortisone and congeners m Addisons disease 
165 181 

before and nftcr adrenalectomy 503 517 520 
536 550 

m bronchospasm 174 
in carcinoma of breast 520 528 529 550 
of prostate 503 536 
dosage 539 

m Hodgkins disease 516 ^38 545 S46 555 
before and after hypophysectomy 520 536 
550 

m leukemia ncutc 516 538 546 547 555 
chronic lymphatic 516 555 
in lympho--arcoma 509 516 538 545 546 
in multiple myeloma 516 538 549 
unfavorable cflvcls of 539 
Crystalloids normal physiology of 144 149 
Cyclotron 244 246 272 406 
Cvvl of breast 122 
of bone 78 

Cytologic examination 78 8l 95 123 
of aspirated secretion from renal pelvis and 
ureter 89 

in cancer detection centers 3132 45 
general considerations of 95 
smears for cervical 31 32 
interpretation of 98 105 
method of making 96 98 
of digestive tract interpretation of 117 120 
method of making 116 117 
endometrial interpretation of 10< 106 
method of making 96 98 
evaluation and classification of 97 98 
mammary interpretation of 122 
method of making 121 
nccalivc false nssiifancc from 9< 



Index 


Cytologic examination smears for (Contd) 
prostatic interpretation of 116 
methods of making 118 
of serous fluids and exudates 122 123 
of sputum and bronchial washings 87 
interpretation of 108 111 
methods of making 96 107 108 
staining of 95 97 
of urinary system 89 
interpretation of 112 116 
methods of making 111 112 
vaginal interpretation of 98 102 
methods of making 96 98 
sources of error m 107 

Dehydration and acidosis 154 155 
and edema 151 153 
m surgical patient 151 153 
Dental tumors 264 
Desmoid tumors 533 
Diabetes acidosis in 179 180 
anesthesia m 180 
coma in 179 

and necrotizing renal papillitis 180 183 
operative and postoperative care in 180 
and operative risk 179 180 
and potassium abnormalities 180 
preoperative care in 179 180 
Diet postoperative m diabetics 180 
m liver disease 178 
in malnourished patients 165 
m uremia 182 

preoperative m diabetics 179 
m liver disease 177 178 
Diuretics m heart disease 169 173 
in pleural effusion 177 

Ear carcinoma of 58 

treatment of with radium 375 376 
With roentgen rays 289 290 
Edema in ACTH and corticoid therapy 539 
causes of 147 148 151 153 169 
m estrogen therapy 524 535 
of face after bilateral ligation of lugular vein 
225 

of tegs after venous ligation 225 
pulmonary in surgical patient 168 172 I7S 
182 

Electrolytes abnormalities of in surgical patients 

content of in body secretions 153 
in fluid compartments 144 146 147 
functions of 147 149 

loss of during intraabdommal operations 158 

metabolic alterations m after gastric asptra 
tion 153 1S5 ^ 

replacement of 161 162 163 165 
sekctive peracab.luy ot cell membrane to 

Electromagnetic spectrum 241 269 
Electrosurgery aspiration m 189 
for biopsy 76 194 


Flcctrosurgery (Contd ) 
in cancer 185 195 
of bladder 194 366 
control of oozing in 190 
by cutting (clecirotomy) 186-187, 188, 194 
by desiccation 186 187 188 194 
electrodes for 187 188 
for hemostasis 189 190 199 
in necrotic lesions (postirradiation) 494 
nomenclature of 187 188 
physical principles of 185 
plastic repair after 192 
technics of 188 192 
uses of 194 195 

wound healing and scar after 192 194 
Electrotomy coagulating 186 187 194 
in cancer in vascular held 187 
fine 186 187 194 

Elephantiasis of arm postmastectomy 20 
Embolism air m vascular surgery 229 
arterial 184 
cerebral 207 
pulmontry 184 

Embiyonal tumors ndioscnsiiivity of 258 259 
End results of treatment of cancer lo the aged 
166 167 
of anus 325 

with betatron x ray beam 347 349 
of bladder 327 463 
of bone 316 
of brain 316 

of breast 68 69 72 313 325 326 

of bronchus 312 463 

of cervix uteri 314 

of esophagus 311 326 327 336 337 

of genitourinary organs 65 72 

mlraoral 66 72 390 391 462 

of larynx 309 328 390 391 462 

of lip 62 63 72 290 

of lung 327 

of lymphoid tissue 316 

of maxillary antrum 327 328 

with medium voltage roentgentherapy 307 31 

of orbit 316 

of ovary 315 

of pharynx 308 390 392 

of pituitary 317 

of prostate 327 535 

with radioactive cobalt beam 462 464 

with radium element pack 387 390 392 

of rectum 67 72 325 464 

with rotation roentgentherapy 336 337 

of skin 63 64 72 288 

of stomach 464 

with supervoltage roentgentherapy 325 328 

of testis 314 328 

of thyroid 310 

of tongue 308 463 

of tonsil 307 390 391 463 

of uterus 317 

Endometnoma biopsy of 91 
metastasis from 532 
treatment of hormonal 532 533 
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Endometnum adenocinthoma of 106 
adenocarcinoma of 56 106 
biopsy of 78 91 

carcinoma of radiosensitivity of 268 
treatment of hormonal 531 
cjtologic study of smears from 96 98 105 
106 

Endothelioma of bone 92 262 316 
Epiglottis carcinoma of 85 263 
Epithelial tumors (issue culture in study of 137 
138 

Esophagus biopsy of 87 
carcinoma of cytologic study in 118 
nursing care in 564 
radiosensitivity of 265 
treatment of end results of 311 326 327 
336 337 

with radioisotopes 432 
wiih roentgen rays 326 327 334 335 
336 337 

Estrogens 510 511 515 
edema due to 524 535 
m etiology of carcinoma of breast 501 510 
515 543 
m males 501 
of endometrium 531 
of desmoid tumor 533 
of fibrocystic disease of breast 533 
ofgjnecomastia 529 535 537 
of interstitial tumor of testis 502 503 
hjpercalccmia due to 523 524 529 
metabolic action of 543 
as substitution therapy in cancer of female 
set organs dancers of 538 
of male set organs 537 538 
m treatment of carcinoma of bladder 536 

537 

of breast 504 505 509 515 516 522 524 
529 531 533 543 5^0 
m males 508 529 550 
of ovary 532 

of prostate 503 504 510 515 534 ^3^ 

538 543 550 

of chonoepithelioma of uterus 531 
of desmoid tumor 533 
r **^foc)stic disease of breast 533 
» uthanasia 561 562 
Ewings sarcoma of bone 92 262 316 
‘wmination cytologic 78 81 95 123 

ot patient m cancer detection center 40-42 
m tumor clmic 31 32 45 
Periodic medical 20 

JJraecIlular fluid compartment 143 144 147 
uemities mdium treatment of tumors of 371 

careinoma of radioscnsitivitv of 262 263 
catment of wiih radioisotopes 404 405 
"Hh radium 364 365 
'*nh roentgen rays 289 290 292 316 
543 ' 

clcctrosurgtcal removal of tumors about 19. 

. 193 194 

Kfmangioma of ’’fj 
mc'aaona of 263* 


Eye {Contd ) 

noncancerous lesions of 292 
radiosemitivity of 262 263 
retinoblastoma of 6 263 316 548 549 
Eyelid treatment of tumors of clectrosurgical 
192 194 

with roentgen rays 289 290 292 

Faclitial irradiation reaction m intestine 494 496 
Fibroadenoma of breast 533 
Fibrocystic disease of breast 533 
Fibromyoma of uterus 533 
Fibrosarcoma 128 138 257 
Fluid compartments 143 144 
electrolyte composition of 144 149 
Foley catheter m radioisotopic therapy 414 440 
446 

Folic acid antagonists 542 
in acute leukemia 546 547 555 
Follow up of patients in cance detection center 
44 

in tumor clinic 35 
Frozen section 32 82 85 91 
Function tests of kidney 180 181 
of liver 177 

Gamma ray applicators 415 429 
Gamma rays 241 242 246 270 
absorption of 271 272 
dosage 247 248 

Gastric aspiration and fluid electrolyte structure 
153 155 

Generators clectrosurgical 185 186 
high energy radniion 244 272 273 
Genetic constitution and cancer 501 502 
Genitourinary organs carcinoma of 4 14 114 
116 

end results of treatment of 65 72 
grades of and prognosis 65 72 
nursing care m 564 565 568 
GianKcll tumor of bone 92 262 
Gold radioactive See Radioactive gold 
Gonadal hormones 51 1 512 513 515 
Grading (microscopic) of cancer Droders 
method of 55 61 
history of 55 
prognostic value of 62 72 
Grafts for vascular anastomosis 196 205 213 
218 220 236-238 

Granulosa cell tumor of ovary 267 532 
Grid (cchmc of irradiation 244 301 305 
Gums tumors of 84 264 364 
Gynecomastia in estrogen therapy 529 53^ 
537 

in liver dysfunction or cirrhosis 7 513 537 
treatment of 537 

Heart disease and anemia 168 201 
and anesthesia 170 
and hypoprotcincmia I6R 169 
and operative mortalitv 16 8 171 
and operative nvk 168 173 
operative tnuma and 170 
postoperative care in 171 173 
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Hypoprolcmemia 149 150 165 
and heart disease I6S 169 
and liver dysfunction 178 
replacement in 168 169 
Hypothalamus function of 510 511 512 

Infarction myocardial 168 169 171 172 180 
184 

pulmonary 183 184 

Interstitial fluid space 143 144 146 149 IS4 
158 162 

Interstitial irradiation See Radioisotopes ami 
Radium 

Intestine (small) adenocarcinoma of 265 
biopsy of 88 
carcinoids of 265 

factitial radiation reaction in 494-495 
treatment of 493 495*496 
lymphosarcoma of 265 
polyps of 6 265 

radioisotopic treatment of turnon of 429 
radiosensitivity of tumors of 265 
Intracavitary irradiation See Radioisotopes am! 
Radium 

Intracellular fluid compartment 143 149 153 
Intracranial cancer betatron irradiation of 347 
Intraoral carcinoma biopsy of 83 84 
nursing care m 568 569 
treatment of, with betatron roentgentherapy 
347 

clectrosurgical 192 194 
end results of 66 72 390 391 462 
''ith radioactive cobalt beam 462 
"ilh radium 362 367 368 374 390 391 
supportise measures in 556 557 
Inirathoracic carmomi trentment of with beta 
(roR irradiation 347 
With radioactive indium 433 
Ion pairs 242 269 270 

lomration chambers 242 244 245 247 248 287 
Iodine radioactive See Radioactive iodine 
nd^iutn radioactive See Radioactive indium 
t'chemia after occlusion of major arteries 196 
'on 201 202 203 204 

Kidney biopsy of 89 

carcinoma of occupational exposure and 4 14 
radiosensitivity of 266 

Otologic study of aspirated material and urine 
from 89 111 116 
diveasc of and nnemn 182 
prcoperativc operative and postoperative 
care in 180 183 
•ufi'tion of 155 1S6 

maintenance of In surgical patient 155 
1^6 163 181 182 

suppresMon of povtopcrative 1^5 156 
162 16t IM 182 
Icxts of 180 181 

^"'^rativc infection of m diabetics 180 
I8J 

trauma (operative) to 158 
mvi turner of 89 > t 


Larynx biopsy of 85 
carcinoma of 57 
nursing care in 564 

occupational and environmental exposure 
and 4 7 20 
radiosensitivity of 263 
treatment of end results of 309 328 390 
391 462 

with rndioactive cobalt beam 461 
with radium 328 390 391 
with roentgen rays 303 309 328 
Leukemia biopsy m 92 
occupational exposure and 4 9 12 14 17 
radiosensitivity of 258 

treatment of acute with ACTH and cortisone 
516 538 546 547 555 
with folic acid antagonists 538 546 547, 
555 

with punne analogs 546 547 
with radioactive gold 405 411 
with radioactive phosphorus 404 405 
422 516 

chronic lymphogenous with ACTH and 
cortisone 555 

with nitrogen mustard and congenen 548 
555 

with radioactive gold 411*412 
with radioactive phosphorus 421 
with radioactive sodium 424 
chronic mvelogenous with nitrogen mustard 
and congeners 423 548 S55 
with radtoaclivc gold 404 411 412 
with radioactive phosphorus 421 422 
with radioactive sodium 424 
with splenic irradiation 547 
with urethane 555 
whole bodv irradiation and 277 278 
Leukopenia postirndiation 497 
Iip biopsy of 82 
carcinoma of 7 1 1 

grades of and prognosis 62 63 72 
metavtasis from 7 1 
radiosensitivity of 264 
squamouvccll 56 62 63 71 72 264 290 
treatment of end results of 62 61 72 290 
with radium 362 37< 
with roentgen rays 290 292 
Liposarcoma radiosensitivity of 256 
tissue culture study of 134 137 138 
Ijvcr biopsy of 88 89 94 

cirrhosis or dysfunction of and gvnceomastn 
7 513 537 

coma treatment of 179 
disease of and anemia 177 
and hypoprolcincmia 178 
and operative risk 177 
prcoperativc and postoperative care in 177 
179 

function of and extrahcpali cancer 7 

in intermediate mctabolum of steroid hor 
moncs S13 
tests of 177 

fsccupational espsnurc and car er of 4 ^*6 7 
9 10 If 17 
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Liver (Conld) 

radiosensitivity of tumors of 266 
tolerance of, to irradiation 266 409 493 
Low voltage short distance irradiation See 
Roentgen therapy 
Lung adenocarcinoma of 111 
biopsy of 85 87 
cannoma of 111 

cytologic study m 87 96 107 111 
occupational and environmental exposure 
and 4 7 9 10 15 20 
treatment of end results of 327 
with roentgen rays 327 335 347 
surgical 327 419 
metastatic tumors of 265 
radiation reactions in 493 
See also Bronchogenic 
Lymph nodes biopsy of, 93 95 

metastasis to from cancer, of anus 261 
of breast 68 71, 325 326 522 
of ovary, 532 
of testis 328 
of vulva, 261 

treatment of with radioisotopes 363 384 392 
415 417 418-419 445 447 448 449 
with radium 363 

Lymphedema postmastectomy 20 
after resection of axillary vein 224 
Lymphoblastoma 125 265 509 
Lymphoepithelioma of nasopharynx 83 308 
Lymphomas biopsy of 85 93 
differential diagnosis of by tissue culture 128 
130 

radiosensitivity of 258 

treatment of with ACTH and cortisone 509 
516 438 545 546 

with nitrogen mustard and congeners 544 
545 545 546 

with radioactive phosphorus 421 422 
Lymphosarcoma biopsy of bone marrow in 92 
differential diagnosis of by tissue culture 128 
130 

giant follicuhr 422 545 
of stomach and mtcstmc 265 
of nasopharynx 304 308 
occupational exposure and 4 12 
radiosensitivity of 265 
of tongue 308 
of tonsil 307 

treatment of with ACTH and cortisone 509 
516 538 545 546 
end results of 307 308 316 
with nitrogen mustard 544 545 555 
with radioactive phosphorus 422 425 

Maxillary antrum biopsy of 84 
carcinoma of 327 328 

Medium voltage irradiation See Roentgen thcr 
apy 

Melanoma of anus 88 
diagnosis of by biopsy 88 
by tissue culture 132 134 
of eye 263 


Melanoma (ContJ ) 
radiosensitivity of 261 287 
of skin biopsy of 82 
treatment of with alkylating agents 551 
surgical 194 287 289 
Meningiomas differentiation of 125 
Metabolic alterations in intraabdominal opera 
tions 156 161 

adrenal response 160 162 165 
blood loss 158, 161 162 163 170 
electrolyte loss 158 160 161 162 163 165 
energy expenditure 160 161 161 162 
nitrogen loss 160 161 
water loss 158 161 163 170 
Metastasis from cancer Sec specific organ 
Moles 19 82 188, 192 261 
Monopan (Siemens) contact x ray machine 283 
284 

Moving field irradiation See Roentgen therapy 
Multiple source radium beam therapy 394 399 
Muscle radiosensitivity of tumors of 262 
Myeloma multiple biopsy of bone marrow in 
92 

occupational exposure and 12 
radiosensitivity of 262 
treatment of with ACTH and cortisone 516 
538 

with chemotherapy 543 548 555 
Myocardial infarction 168 169 171 172 180 
184 


Neck artenes of 206 
nursing care m cancer of 568 569 
radical dissection of cartoid artery ligation in 
205 

resection of jugular vein in 224 225 
Necrotiimg renal papillitis 180 183 
Neurilemmoma diagnosis of by tissue culture 
125 126 128 
radiosensitivity of 257 

Neuroblastoma diagnosis of by tissue culture 
125 126 

radiosensitivity of 257 258 
Neurogenic tumors diagnosis of by tissue 
culture 125 128 

Neuromuscular irntabihty and electrolytes 
Neutron beam therapy 244 . 

Nitrogen loss in intraabdominal operation 


replacement of 161 

Nitrogen mustard and congeners 540 542 
in bronchogenic carcinoma 551 
in carcinoma of pancreas 551 552 
in Hodgkins disease 544 545 555 
m leukemia chronic lymphatic 548 553 
chronic myelogenous 548 555 
in lymphosarcoma 544 545 555 
in malignant melanoma 551 
in retinoblastoma 549 
m serous cavity effusions 551 
Nose biopsy of 82 83 ,irc 

treatment of carcinoma of with radium 


with roentgen rays 289 291 
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Nuning care of cancer patient 30 563 570 
in home 49 

vtiih C3rdio>ascuIar complications 172 
uith diabetes 180 

postoperative m cancer of breast 566 567 
568 

of gaslfoinlcstinal tract 563 564 
of penitounnary tract 564 56^ 568 
of head and nccl. 568 569 
public health nurse and 29 
undergoing ndiation therapy 569 570 
Nutritional requirements of normal adult 150 


Otupational and environmental cinccrogens 
1 7 


and cancer of bladder 4 8 tl ]4 16 18 
of bone 4 6 9 12 17 

of Lidney 4 14 

of larynx 4 7 20 

of Iner, 4 5 6 7 9 10 16 17 

of lung 4 7 9 10 15 20 
of paranasal sinuses 4 8 15 
ofsltn 4 5 7 8 14 16 17 20 
of ureter 4 14 
groups exposed to 9 18 
and leuLemia 4 9 12 14 |7 
and lymphosarcoma 4 12 
snd myeloma 12 
protection against 9 20 
Oliguria |t8 |62 163 164 182 
Operathc mortality for nged patients 167 
for cardiac cases 168 171 
Operatise and poslopcrntise complications car 
diosasciihr 170 17| |73 180 
in diabetics 180 
hepatic 179 

due to metabolic alterations 150 165 
respiratory 175 177 
'avular 183 184 

Operatise risK Addisons disease and 181 183 
deriniion of 16^ 
diabetes and 179 ISO 
heart disease and 168 173 
HjWhyrtiidism and 169 183 
lidres disease and 180 183 
liser disease and 177 179 
nsiedema and |pt 
<''J *pc and ir6.ifs 
r*'frvhromcicstomi and 183 
rnpiraton discssc and 173 177 
disease and 183 

** irrtnms in carcinoms of bhdJcr 357 
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Osanektoms m carcinoma of breast 304 510 
5|3 517 318 3<o 
in desmoid tumor 533 
in endometrioma 532 

substitution hormonal therapy after 533 534 
Osary arrhenoblastoma of 332 
caranoma of hormonal treatment of 532 
ostadenocarcinoma of 106 267 
end results of treatment of cancer of 315 
granulosa cell tumor of 267 532 
hormones of 511 515 
and carcinoma of breast 304 309 510 
ndiosensitisily of tumors of 267 

Pam in incur-iblc and terminal cancer 356-557 
drugs for 559 361 

Palate carcinoma of 264 364 363 366 444 462 
Pancreas carcinoma of radiosensilisity of 266 
treatment of ssaih nitrogen mustard 551 
532 

Papilloma of bladder 89 114 195 
of breast 1 22 
of slin 260 
of sagina 98 

Paranasal sinuses biops) of 84 
circinoma of occupation il esposurc and 4 8 
IS 

radium treatment of 368 369 
Patterson pelMc binder '64 
Pendulum or arc moving field irradiition 337 
339 

lems carcinoma of 7 56 90 267 374 375 
Peripheral nerves neurilemmoma of 12' 126* 
128 257 

neufoMastoma of 125 126 257 
neuroepithelioma of 126 138 
Pharynx biopsy of 82 83 83 
carunoma of radiosensitivity of 263 264 
treatment of end results of 308 3p0 392 
with radium 390 392 
with roentgen rays 308 336 
Ivmphoepilhclioma of 83 308 
Ivmphosarcoma of 304 308 
Philips X ray tube 282 283 284 287 
Phtebotomv for hvpcrsolemu If9 175 
for poKothcmia sera If9 403 
phosphorus radioactive 3rr Hadioactivc phen 
phorus 

Phssiologs tnorrnal) of ruids crystalloid nnj 
colloids 143 l<0 
I inform sinus 8' 2f3 

litiiitar) ghnd ireaimerl sf tumors of end 
rcsiilisof 317 

s«ilh fadiotilMC cobalt 443 
with rocptpcn rasa 31' 3 8 33r 
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Radiation effects of (Contd ) 
ionization 242 321 
on uater 274 275 
exposure to hazards of 9 17 20 
“accelerated aging from 278 
interaction of with matter 241 242 270 271 
ionization chambers 242 244 24S 247 248 
287 

maximum permissible exposure to 470-472 
measurement of 242 
nature of 241 269 270 
neutron 241 270 272 273 
photon 241 242 269 270 271 
protection against See Protection 
proton 244 272 
reactions to local 489 496 
factors influencing 489 
in lymphoid and hematopoietic tissues 
257 258 

m mouth and throat 490 492 493 
after oserdosage 491-492 
treatment of 494 496 
after tolerance dose 490 
treatment of 492 493 
in vascular tumor bed 255 256 
See also specific organ 
systemic 321 496 497 
to blood 20 278 497 
treatment of 496-497 
m \sholc body exposure 247 277 278 
497 

scattered 243 271 307 319 343 344 4S3 455 
therapy end results of 307 317 
methods of admmistenng 243 
m noncanccrous lesions 19 20 292 
physical basis of 241 249 
purpose of 242 243 
skin tolerance of 243 307 319 323 
See also Radium therapy Radioactive Iso 
topes and Roentgen therapy 
ultraviolet 17 269 
Radioietnc arsenic 424 
Radioactive boron 405 406 426 
Radioactive bromine 246 247 413 414 
Radioactive cesium 246 

Radioactive chromium phosphate intncavitiry 
247 404 412-413 434 

Radioactive tobalt 404 405 435-449 
characteristics of 425 433-436 
dov3j.c 437-439 

'eternal application of (surface) 246 327 
404 403 446 

“ttd beta energies of 246 425 433 

f-alflifeof 24r 42' 439 

' tmtitul Uve of 247 248 405 
»tth needles 247 404 439 442 443-444 
»'th nvlon tubes or “threads " 247 404 444 
446 

raeavitary use of 247 403 439 441 
'a hrter mcthtxlv 440 446 
bap method 247 
h tandem and colpivstat 441-442 

'“''Vne appl.fa ions of 43<> 


Radioactive cobalt (Contd ) 
protection against injury from 481-488 
small sources of in cancer therapy 435-449 
as substitute for radium and x ra\s 247 353 
379 392 393 433 

therapy in cancer of bhddcr 247 405 439 
441 446 

bronchogenic 44 i 
of cervix uteri 247 441-443 
of lymph nodes (mctnstatic) 445 447 448 
449 

of palate 444 
of pituitary gland 448 
of uterus 327 441 
Radioactive cobalt beam 430 464 
absorption and integral dose m tissues 432 
clinical aspects of 460 461 
depth dose values 433 457 
dosage and therapeutic results in cancer of 
bladder 463 
bronchogenic 463-464 
inlraoral 462 
of larynx 46! 462 
of rectum 464 
of stomach 464 
of tongue 462 463 
installation of units 460 
physical aspects of 450 451 
technics and isodosc dislnbiilions 457-460 
Radioactive gallium 420 425 426 
Radioactive gold 404 403 424 42? 430 
beta and gamma energies of 246 424 425 
42? 

characteristics of 424 425 427 
dosage calculations adapting radon tables to 
428 

external use of (molds) 405 429 
half life of 246 247 424 425 
mtcrstilia! use of implantation 247 414 415 
424 

nylon ribbons 247 405 429 430 
permanent implants 247 429 430 
removable implants 429 430 
seeds 247 335 404 403 407 408 429 
430 

inycction 405 415 417 4‘'4 434 
intracavitary use of 247 417-418 429-430 
catheter melhosl 414 

in serous elTusions 247 403 412 424 551 
silscr-coaleJ m bronchogenic cancer 404 
405 41R-419 

small sources of in cancer ihcrapv 427-430 
systemic (intravenous) administralion of 405 
4U-4I2 4‘*4 
therapy 405 429 

in abdominal avcitcv and hydrothorax 247 
403 412 4-4 '51 
in cancer of bladder 414-413 jjo 
of breast 4J7 4'‘4 4 9 
bron hogenic 418-419 
of cervix uteri 247 40X 417 418 424 4.9 
of pasIM'inlcstinal tract 4'V 
of head and nevk 429 
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Radioactive gold therapy m cancer (Contd) 
jntraabdowinal 429 

of prostate 247 405 415 417 424 430 
432 

of slcin 429 
of urinary tract 429 
of vagina 417 418 
in hemangioma 429 
m Hodgkins disease 411-412 
in leukemia 404 405, 411 412 424 
Radioactive iodine characteristics of 422 423, 
425 

coUection of by metastatic thyroid cancer 403 
408 411 

diagnostic uses of 423 425 
dosage of for thyroid ablation 409 411 
gamma and beta energies of 247 423 425 
therapy m carcinoma of thyroid 247 265,403 
408 41] 423 509 

external scanning of patient m 248 411 423 
hazards of 411 423 
in hyperthyroidism 183 423 
Radioactive iridium 43] 434 
advantages of over radium gold cobalt 431 
432 433 
dosage 431 432 

external application of (mold). 432 
half life of 246 431 

interstitial implants permanent 432 433 434 
removable 432 
intracavitary use of 432 
small sources of in cancer therapy 431 432 
therapy in cancer of bladder 432 
of esophagus 432 
intraabdominai, 433 
lotrathoracic 433 
of rectum 432 
of urethra 432 

Radioactive phosphorus 408 421 422 
applicators 415 
external use of 246 
m molds 405 
half life of 246 421 425 
systemic administration of 408 421 
therapy 246 403 421 422 425 
in giant follicular Ijmphoma 422 
15 leukemia 404 405 421 422 425 516 
m lymphosarcoma 422 423 
m polyi^themia vera 247 404 405 408 
421 422 424 

Radioactive sodium 246 247 405 424 
Radioactive strontium 246 
applicators 404 413 
clinical Uses of 404 405 425 426 
half life of 246 425 
Radioactive tantalum 246 405 414 415 
Radioactive yttnum half life of 246 425 
intracavitary Use of 405 413 SSI 
intravenous administration of 425 426 
Radioisotopes m clinical use 246 404 405 425 
427-430 431-434 435 449 450 464 
current status of 403 40s 
diagoosUc uses of 403 423 425 


Rndiotsolopcs (Contil) 
dosage calculation and measurement of 247, 
248 273 403 404 427 428,431432 
cxtcrml application of, 246, 327 404,405 429 

432 446 

gamma and beta energies of 246 425 
half lives effective of, 248 249 421 
physical of 246 420 425 
interstitial implantation of 247 248 405 413 
414, 415 416 424 430 432-434 443 
444 

needles 247, 404 433, 439 442 443 444 
nylon ribbons threads tubes 247 404 405 
429 430 431, 433, 444 446 
permanent implants 247 248 429 430 432 

433 434 

removable implants 429 430 432 
seeds 247, 355, 404 405 407-408 429 430 
interstitial injection of 405 414 415-417,424 

434 

intracavitary use of 246 248 405 412 415 
417-419 429-43 0 432 439 441 551 
Catheter method 414 440 446 
rubber bag method 247 413-414 
With tandem and colpostat, 441-442 
mass numbers of 246 425 
protection from injury by, 477-488 
sources of 246 421 

systemic administration of 404 405 408-4U 
420 426 

external scanning of patients in 248 411 

tracer u>c of 420 421 423 425 
Radioscnsitivity of carcinomas 256 
of embryonal tumors 258 259 
of sarcomas of soft somatic tissues 256-23/ 
of tumors 250 268 

according to anatomic location 259 zee 
according to histologic type 256 259 
of adrenal glands 268 
of blood vessels 262 
of bone and cartilage 262 
bronchogenic 265 
of esophagus 265 

of eye 262 263 . 

of female reproductive system 267 
of gastrointestinal tract 265 266 
of lip 264 

of liver and pancreis 266 
of lymphoid and hematopoietic tissues ZJo 
259 

of male reproductive system 266 267 

of muscle 262 

of parathyroid glands 265 

of salivary glands 264 

of skm 259 262 

of thymus 265 

of thyroid 265 -vci 

of upper respiratory tract 2b3 ao't 
of urinary tract 266 i<n256 

variations m of cells and tissues 250 23b 
275 277 

of tumor beds 255 256 
versus ridiocurability 256 296 
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Radium iherapy m cancer 355 399 
current status of 355 

dosacc 247 248 355 360 362 363, 366 368 
375 376 

dose time relationship jn 376 378 
external with casts plaques or radon bulb 
244 

with molds 246, 369 376 
interstitial 243 247 357 368 
needle or wire implants single plane 357 
339 361 362 
two plane 362 363 
volume 363 

permanent implants 247 248 363 
with radon seeds 24? 363 368 
intracaxitary 247 248 368 
limitations of 355 
nursing care in 569 570 
protection in Sfe Protection 
teleradium (multiple source beam) 394 399 
indications for 398 399 
teleradium (radium clement rack) 246 379 
393 


current status of 392 393 
dosage, 384 385 387 
end resulu of 387, 390 392 
indications for 384 
protection in 380 382 
radioactive cobalt as substitute for 379 
392 393 

Sfe fll/o specipe organ 
Records In cancer detection centers 45 
in tumor clinics 33 35 
Rectum adenocarcinoma of 56 57 59 
biopsy of 88 

ttwnoma of grades of 56 57 59 67 
metastasis from 71 


nursing care in 564 

treatment of end results of 67 72 32S 
With radioisotopes 432 464 
With roentgen ravs 290 291 325 335 337 
Mips of 88 194 

Rt-P unit for measuring radioisotopes 403-404 
R^p’^tory complications postoperative 175)77 
Respiratory disease and ncidosis 155 
»n>l anesthesia 173 

andpperaijvenjfc 173 175 

ce» sarcoma 92 128 13 1 262 545 
Reurobi3,,oma heredity and 6 
of 263 

treatment of enJ results of 316 
With nitrogen mustard and conLCners 349 
j-j. '^tpen rass 548 

■*m)D\afcoma diagnosis of bv tissue cul 

Poc-» 

f«i r3)s (t ravs) absorption of 242 270 
. , ‘71 318 344 ' 

/‘'fi' effws of 242 243 269 278 
*t*on of **41 
remenl of 24’ 


fted 243 27, ,o7 319 
Rad.at.on 

of benign lesions 291 


Roentgen therapy of benign lesions {Contii ) 
of skin 288 290 

with betatron clinical uses of 344 347 
current status of 350 
dose measurement in 351 
in cancer See specipc organ 
clinical application of 243 

local factors influencing 293 294 
clinical versus physical designations of 293 
depth dose 245 296 297 300 320 321 
dosage calculations of 245 294 296 
measurements of 244 
threshold erythema 489 
half value layers 299 301 
m hemangiomas of skin 291 
high cnergv accelerators for 244 272 
low voltage short-distance 281 292 
with beryllium window tubes 283 287 
with Chaoul tube 282 283 287 
with Monopan (Siemens) apparatus 283 
284 

With Philips tube 282 283 284 287 
physical factors of 282 283 
of lymphomas 545 

medium voltage <140-400 kv) 293 317 
advantages and disadvaniaccs of 307 311 
dosage computation of 294 
end results of 307 317 
grid technic of 301 306 
physical factors of 296 301 
moving field 330 341 
convergent 339 340 
evaluation of tvpcs of 340 341 
histone evolution of 330 331 
pendulum or arc 337 339 
toutton 243 244 331 337 
dosage 331 334 
end results of 336 337 
of esophageal cancer 334 3^5 336 337 
(luoTOscopic control in 333 334 
indications for 335 33ft 
technic of 331 
nursing tare in 569 

of pituitary region m cmccr of brcist ^I6 
120 

of prostate 516 536 
protection in Sre Protection 
protective grids cones and shields m -43 244 
supcrsoltace (1000 3000 k\) 318 3‘*9 
advantages and disadvantsccs of 319 3-4 
apparatus for 322 324 
current status of 328 
indications for J24 328 
protection m 322 323 477 
tolerance dose in 4‘'0 
Rocntccn(r) unit 242 403 
Rotation irradiation ^ee Roentgen ihctapy 

Salivary glands biopsv of 85 
TsdiosensiUvitj of tumors of 2t4 
S.ircoma Issings of bo-'e 92 ^ 

ostetvccvsv of bone 91 9 ’‘ft 
of soft somilic tissues 
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Sircoma {Contd ) 
of ovary 267 
radioscnsitivit) of 256 
reticulum cal! 92 128 131 262 
of soft somatic tissues 256 257 
biopsy of 93 94 
m infants and children 257 
tissue culture in classification of 130 137 
138 

synovial 137 256 
Sarcoma botr)Oides 268 
Schwannoma, 128 
Scintillation crystals 247 
Scintiscanners 248,411 
Seminoma of testis 256 258, 266 314 
Serous fluids and exudates cytologic study of 
122 123 

Shock in ligation of inferior vena cava 225 
operative 170 172 181 

Sinuses See Paranasal Piriform and Sphenoid 
Skin adenoma of 260 
carcinoma of basal cell 260 261 288 289 
biopsy of 82 
glandular 260 

grades of and prognosis 63 64 
metastasis from 71 

occupational and environmental exposure 
and 4 5 7 8 14 16 17 20 
radiosensilivity of 260 261 
solar and ultraviolet radiation exposure and 
17 

squamous cell 56 58 59 63 64 70 72 194 
260 261 288 289 

treatment of end results of 63 64 72 288 
With radioisotopes 405 429 
With radium 362 368 376 
With roentgen rays 288 289 
melanoma of 82 261 262 
treatment of with alkylating agents 551 
surgical 194 287 289 
moles of 19 82 261 262 
papilloma of 260 

radiation reactions in 20 259 260 336 490 
492 493 494 

Smears from aspiration biopsies 78 82 93 
for cytologic examination See Cytologic exam 
ination 

Social Workers and public health nurses in cancer 
work 30 35 36 48 50 
Sodium deficiency of 148 
excess of 148 149 
excretion of during operation 158 
in gastric aspirate effect of on plasma elec 
trolyte content 154 155 
Soft somatic tissues chondrosarcoma of 256 
fibrosarcoma of 128 138 256 
glomus tumors of 131 
hemangiopericytoma of 131 132 
liposarcoraa of 134 136 138 256 
mesothelioma of 132 138 
osteogenic sarcoma of 256 
rhabdomyosarcoma of 134 137 135 
sarcomas of biopsy of 93 94 
m infants and children 257 
radiosensitivity of 256-257 


Soft somatic tissues {Contd ) 
synovial sarcoma of 137 256 
tissue culture study of tumors of 130 137 
Sphenoid sinus biopsy of 84 85 
Spleen aspiration biopsy of 93 
Sputum and bronchial secretions cytologic study 
of 87 96 107 111 

Squamous-ccII carcinoma See specific organ 
Stomach adenocarcinoma of 56 59 119 
carcinoma of cytologic study m 116 119 120 
scirrhous 119 

treatment of with radioactive cobalt beam 
464 

leiomyosarcoma of 265 
lymphosarcoma of, 265 
radiosemitivity of tumors of 265 
Strontium radioactive See Radioactive strontium 
Supcrvoltagc irradiation See Roentgen therapy 
Survival rates in cancer calculation of 578 589 
by octuanal method 574 576 581 585 
by direct or ad hoc method 574, 575 576 
578 581 

by maximum likelihood method 574 576 
577 

special questions regarding 585 589 
reporting of 573 577 
Sweat glands carcinoma of 289 
Synchro-cyclotron 244 
Synchroton 244 

Tcleradium See Radium therapy 
Teratoma of ovary 267 
of testis 328 

Testis adenocarcinoma of 314 328 
biopsy of 90 

hormones of 511515 . 

and carcinoma of prostate 503 504 5i0 
543 550 

interstitial cell tumor of 502 503 
metastasis from cancer of 328 537 
seminoma of radiosensitmty of 256 258 26/ 
537 

treatment of end results of 314 328 
with roentgen rays 328 
teratoma of 328 

Tests for heart disease fallibility of 170 
of kidney function 180 181 
of liver function 177 , 

Thrombophlebitis and venous thrombosis post 
operative 183 
treatment of 183 184 

TTiymus radiosensitivity of tumors -,3 

Thvroid gland adenocarcinoma of 56 31 
adenoma of 265 310 
biopsy and frozen section of 85 
carcinoma of 56 58 423 
hormones and 509 
metastasis from 408 411 532 
treatment of end results of 310 
hormonal 533 ,, jni 

with radioactive iodine 247 20 
408 411 423 509 
surgical 403 409-410 423 
radiosensitivity of tumors of 265 
See also Hyperthyroidism 
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Tissue culturt chniual applicntions of 137 138 
and epithelial tumor% 137 
and Ijmphomas 128 130 
Maximows method of 124 125 
dnd meningiomas 125 
and neurogenic tumors 125 128 
and soft somatic tissue tumors 130 13? 
technical aspects of 124 125 
Tongue biopsy of 84 
carcinoma of radiosensitivity of 264 
treatment of end results of 308 463 
with radioactive cobalt beam 462 46t 
with radium 362 363 364 
lymphosarcoma of 308 
Tonsil, biopsy of 84 
carcinoma of radiosensiUvily of 263 
treatment of end results of 307 390 391 
4t>3 

with radioactive cobalt beam 462 
With radium 390 391 
lymphosarcoma of 307 

Tracer use of radioisotopes 420 421 423 425 
Tracheobronchial obstruction 174 
Tracheostomy care of 569 
Tranquility agtnls m cancer 560 561 
in systecnic irradiation reactions 497 
Tumor beds radiosensitivity of 254 255 256 
_ 267 

Tumor clinic m genera! hospital 22 36 


Ultraviolet radiation biologic effects of 269 
exposure to and cancer 17 
Uremia postoperative 182 
ureter occup4tional exposure and cancer of 4 
14 

radiation reactions m 492 496 
radiosensitivity of, 266 
Ufeteromtestioal anastomosis 557 568 
we erostomy cutaneous 557 568 
wetfiaoe m cancer therapy 158 159,160 163 
Urine blood in 45 

^tologic study of sediment of 89 Ul 116 
suppression of, postoperative 158 162 163 
71 164 

Uterus adenocanthoma of 106 
aaenocarcinoma of 56 106 
biopsy of 75 91 

of treatment of end results of 317 
radioisotopes 327 441 
With radium 368 
'^dh roentgen rays 327 
«rvis of See Cervix uteri 
fhonoepiihelioma cf 53 V 
I'Dromyoma of, 533 
ii^uiy to postirradiation 20 

^ so Endometrium und Endometrioma 

£ na carcinoma of histologic changes in 98 
radiosensitivity of 268 

wdh radioisotopes 417 418 
''»h radium agg 

roentgen rays 246 247 
*" of smears from 96 

98 102 107 


Vagina (Contd ) 
papillomi of 98 
radiation reactions in 493 
sarcoma botrjoides of 268 
Vascular surgery m cancer 196 237 
graft replacements in arterial 196 205 213 
218 220 23b 
inert prosthescs 237 238 
venous 205 236 237 
for hemorrhage at operation 199 202 
mstniments for 201 208 227 229 
interruption of major arteries in 200 202 226 
of major veins 223 227 
preliminary to extensive dissection 200 
scope of 196 
technics of 213 227 238 
anastomosis 231 238 
anticoagulant therapy in 231 233 
methods of 233 236 
vviih grafts 236 238 
division and ligation 229 
occlusion (gradual) 229 231 
occlusion (temporary) 227 229 
vascular shunts 196 

for temporary or crnergency control of hemor 
rhage 197 198 

Sec also Artery Collateral circulation and 
Vein 

Vein axillary ligation and resection of 224 
femoral common ligation of 184 224 
iliac internal ligation of 222 
jugular internal and external bilateral resec 
lion of 225 

unilateral resection of 224 
mesenteric superior gradual occlusion of 215 
portal 224 

gradual occlusion of 227 
ligation and resection of 2\5 126 127 
preservation of in pancreaticoduodenec 
lomy 226 

saphenous ligation of for thrombosis 184 
thrombosis of 183 184 
Veins of extremities ligation of 224 
grafts of for vascular maslomosis 205 237 
ligation of 199 2D0 
major interruption of 201 223 227 
air embolism in 229 
collateral circulation after 223 224 225 
Vena cava inferior 223 

gradual occlusion of 226 
ligation or resection of 225 226 
for thrombosis 184 
superior gradual occlusion of 226 
ligation of 226 

Venous thrombosis postoperative 183 184 
Vocal cords carcinoma of 263 328 
Vulva carcinoma of metastasis from 261 
radiosensitivity of 261 268 

squamous cell 261 
treatment of by radium 363 
by roentgen rays 290 

Water content and distribution of within body 
143 144 146 

abnormalities of m surgical patient 150 153 





